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Abstract
Extensive research indicates that students are more engaged when teachers adopt autonomy
supportive strategies. However, for racially and ethnically minoritized U.S. students, needs may
be best supported when instructors incorporate cultural engagement practices. The current
investigation examined relationships between diverse urban U.S. high school students’
perceptions of science teachers’ cultural engagement and autonomy supportive practices,
psychological need satisfaction, and engagement in chemistry and physics classes during
COVID-19 school restrictions. This study used a multi-wave survey design in which students
reported on their perceptions of teacher practices, needs, and engagement over the course of four
months. As predicted, perceptions of cultural engagement practices correlated with autonomy
support. Structural equation models indicated that perceptions of cultural engagement practices
predicted increased engagement via increased need satisfaction but only in the absence of
autonomy support, which also predicted needs and engagement. However, moderator analyses
indicated that relationships varied by gender. Specifically, cultural engagement practices
predicted increased need satisfaction even after controlling for autonomy support among boys,
but not girls. In contrast, autonomy support significantly predicted need satisfaction for both girls

and boys. Implications for theory, future research, and practice are discussed.
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Educational Impact and Implications Statement
This survey study demonstrates the critical importance of teaching practices that support
autonomy and cultural relevance for racially and ethnically diverse urban U.S. high school
science students’ engagement. Results showed that feeling autonomous is a key mechanism
through which culturally supportive teaching practices affect students’ engagement in science,
particularly among boys. Results highlight the importance of considering students’ identities in

science classrooms.
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Autonomy Support, Cultural Engagement Practices, Need Satisfaction, and Engagement

Among Urban High School Science Students During the Onset of the COVID-19 Pandemic

From one course to the next, students will vary in their motivation, engagement, and
learning. The extent to which teachers create a classroom environment that is intentionally
supportive of motivation and engagement often explains variation. From a self-determination
theory (SDT) perspective (Ryan & Deci, 2017), students will be more motivated and engaged,
ultimately learning better, when teachers adopt strategies that support psychological needs,
particularly strategies that support students’ need to experience autonomy or the sense that
behaviors emanate from the self and are congruent with one’s values, goals, and interests (Patall
& Zambrano, 2019). Extensive correlational, longitudinal, and experimental research has
supported this proposition (Patall & Zambrano, 2019; Reeve & Cheon, 2021).

Alternatively, a collection of theories and research referred to collectively as culturally
relevant and responsive education (CRRE) explicitly focuses on the racialized experiences of
students of color to understand the classroom context in which students are most engaged and
learn best (e.g., Aronson & Laughter, 2016; Banks, 1993; Gay, 2018; Ladson-Billings, 1995;
Lopez, 2017; Paris & Alim, 2014). From these perspectives, supportive classroom environments
are those that explicitly consider students’ experiences related to their race, ethnicity,
communities, and culture to structure the content and facilitate learning. Extensive qualitative
evidence has supported the benefits of CRRE for students’ motivation, engagement, and learning
(see Aronson & Laughter, 2016 for a review).

Despite some shared assumptions across CRRE and SDT perspectives (Kumar et al.,

2018; Patall et al, 2026), there have been limited empirical attempts to understand how they
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relate or synergistically support the motivation and engagement of diverse students. Although the
SDT framework has been widely and successfully applied in education research to understand
student functioning and provide guidance to educators, there has been limited attempts to
specifically capture the racial, ethnic, and culturally rooted experiences of U.S. students of color
or minoritized students in other countries within SDT conceptions of motivationally supportive
instruction, (e.g., Cokley, 2015; Kumar et al., 2018; Lopez et al., 2022; Yates & Patall, 2021).
For racially and ethnically minoritized students, needs may be best supported when instructors
extend their practices beyond autonomy support, which has not explicitly addressed issues of
race and culture in its theorizing, to using cultural engagement practices that explicitly involve
using diverse students’ cultural realities, perspectives, and characteristics as vehicles for learning
and engagement.

Likewise, although CRRE theory and research often cite the importance of various
motivation relevant concepts (e.g., empowerment, agency, interest, competence, belonging,
values, identity) as mechanisms by which CRRE supports learning, there has been little explicit
theorizing and testing of psychological needs as a key mechanism. Given that extensive research
across cultures has found needs to be critical to adolescent learning and well-being (e.g., Chen et
al., 2015; Patall & Zambrano, 2019), psychological need satisfaction is a promising mechanism
by which CRRE supports students’ outcomes that remains to be tested.

Within this context, the purpose of the current investigation was to explore the
relationships between racially and ethnically diverse urban U.S. high school science students’
perceptions of their teachers’ cultural engagement practices, autonomy support, need
satisfaction, and engagement across two-timepoints during a 20-week academic semester that

occurred during the onset of the COVID-19 pandemic. We situated this investigation in urban



AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 7

U.S. high school physics and chemistry classes serving primarily students of color (e.g.,
primarily Latinx, Asian, and Black students) from modest income backgrounds, for whom
research on the links between teachers’ autonomy relevant practice and engagement has been
limited and CRRE may be most relevant, and focused on adolescents, for whom gaining greater
autonomy, agency, individuation, and independence are key developmental tasks (Eccles et al.,
1993; Erikson, 1968). Moreover, to better understand heterogeneity, we explored whether the
links between teachers’ support and students’ need satisfaction varied depending on the level of
each practice, students’ gender, and students’ vulnerability to racial/ethnic stereotypes. Finally,
although it was not planned, data collection for this study occurred during the onset of the
COVID-19 pandemic, with early data collection occurring prior to school closures and later data
collection occurring after the transition to remote online learning. The timing of this
investigation in 2020 allowed us to explore the relationships between supportive practices,
motivation, and engagement during a time (i.e., COVID-19 pandemic) of exceptional stress and
disengagement.
Engagement and Autonomy Supportive Instruction

In educational settings, student engagement is a multidimensional construct that can be
broadly defined as involvement in tasks or activities, including behavioral (e.g., attention,
participation), emotional (e.g., positive affect), cognitive (e.g., regulation of learning), and
agentic (e.g., attempts to collaboratively influence on instruction) components (Fredricks et al.,
2004; Reeve, 2013). Engagement is a marker of students’ positive functioning in the classroom,
being a key mechanism through which learning occurs (e.g., Jang et al., 2012; Skinner et al.,
2009). According to self-determination theory (SDT; Ryan & Deci, 2017), a macro-theory of

human motivation, students’ engagement is catalyzed by key psychological needs for autonomy
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(e.g., sense that actions emanate from the self), competence (e.g., sense of mastery), and
relatedness (e.g., sense of mutual caring with others). Thus, educational environments that
support the satisfaction of these needs are considered higher quality (Jang et al., 2016; Patall et
al., 2018b; Patall & Zambrano, 2019).

In particular, autonomy supportive teaching is a style of instruction marked by
understanding and perspective-taking (e.g., Reeve & Cheon, 2021). The approach can include a
variety of practices, all of which are meant to help students feel that their behavior reflects their
own values and goals. Common autonomy supportive practices include offering choices,
structuring activities around students’ interests, providing meaningful rationales, or being open
and responsive to questions and suggestions (e.g., Ahmadi et al., 2023; Patall & Zambrano,
2019; Su & Reeve, 2011). Extensive longitudinal and experimental evidence across a variety of
settings, countries, and cultures suggests that teachers’ autonomy support enhances students’
experiences of need satisfaction and in turn, their classroom engagement (e.g., For a review, see
Patall et al.,, 2026; Patall & Zambrano, 2019; Reeve & Cheon, 2021). In line with the heightened
sensitivity to being treated with respect and afforded decision making opportunities during
adolescence (e.g., Ruck et al., 1998), autonomy support seems to be particularly critical during
this developmental phase (e.g., Katz et al., 2009). Results from this study will expand upon this
body of evidence to show the effects of autonomy support on students’ engagement during the
onset of the COVID-19 pandemic, a time which marked the start of heightened stress and
disengagement that has continued to persist (e.g., Malkus, 2025).

SDT scholars assert that the needs are universal, and thus, autonomy support will
routinely have benefits for people from various backgrounds and cultures (Chen et al., 2015;

Ryan & Deci, 2017). Although values that come from one’s culture or community can assign
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meaning and influence how interactions and educational practices are interpreted, any practice
that ultimately leads to an experience of autonomy is expected to yield benefits for students’
motivation, engagement, and learning (e.g., Reeve et al., 2018; Soenens et al., 2015). Despite
SDT’s widespread application in research with secondary school students across cultural
contexts such as Korea (Cheon et al., 2020; Jang, 2009), China (Feng et al., 2019), Singapore
(Caleon et al., 2016), Indonesia (Maluana et al, 2016), Spain (Gonzélez-Pefio et al., 2021),
Russia (Chirkov & Ryan, 2001), Nigeria (Sheldon et al., 2009), Peru (Matos et al., 2018), and
India (Sheldon et al., 2009), there is still limited evidence with diverse U.S. secondary student
groups (e.g., for examples, see Connell et al., 1995; Froiland et al., 2016; Parker et al., 2021;
Patall et al., 2018b; 2022; Wallace & Sung, 2017). The limited research that exists provides
support for the benefits of autonomy support with students of diverse racial and ethnic
backgrounds. Moreover, the emphasis on autonomy is consistent with key values of many
communities of color and across cultures (e.g., Froiland et al., 2016; Karenga, 1989; Krys et al.,
2022; Villalobos Solis et al., 2016). Nonetheless, there have been limited explicit attempts to
integrate an understanding of their racialized and cultural experiences into the autonomy support
framework, which are important considerations in the United States context and in other
countries with racial and cultural diversity. Some research has shown the benefits of integrating
SDT and critical racial or cultural perspectives in qualitative and cross-sectional research with
high school and college students of color (Lopez et al., 2022; Zambrano et al., 2026). Lopez et
al. (2022) and Zambrano et al. (2026) both found that race-reimaging traditional SDT constructs
(i.e., basic psychological needs and autonomy support) to center and connect with students’
cultures provided additional power for explaining the relationship between SDT constructs and

other outcomes among racially and ethnically diverse students over and above the traditional
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conceptualizations. This evidence suggests that effective support for engagement may entail
combining or integrating autonomy support from the SDT perspective with a culture-based, race-
focused, or justice-oriented framework for supporting motivation. SDT’s failure to explicitly
address the role of race, ethnicity, and culture in students’ learning experiences presents an
important opportunity to integrate cultural learning theories to better address the needs of all
students, but particularly for marginalized minority students to better promote equitable
outcomes. From cultural learning theory perspectives, culture and learning are inherently
intertwined. Therefore, for autonomy supportive instruction to be effectively integrated with
cultural learning theory, instruction must aim to align students’ learning with their cultural
identities and contextualize course content from multiple cultural perspectives.
Cultural Engagement Practices

Broadly, culturally-responsive and -relevant education (CRRE) frameworks emphasize
the value of incorporating students’ racial and cultural experiences into learning activities and
curriculum to promote learning (Dickson et al., 2015; Gay, 2018; Ladson-Billings, 1995). While
there are multiple frameworks related to this idea, including culturally responsive teaching,
culturally relevant pedagogy, culturally sustaining pedagogy, multicultural education, and asset-
based pedagogy, they all share the central goal of improving education for ethnically diverse
students by embedding diverse cultural perspectives into the curriculum. Instructors that use
CRRE approaches to instruction promote high expectations with caring, support student agency,
decision-making, and self-regulation, incorporate cultural referents that are meaningful to
students from their diverse cultural, racial, and social backgrounds, and engage students in
critical reflection about society in order to empower them to take actions that benefit themselves

and their community (e.g., Lopez, 2016; Moses, 1997; Nieto & Booth, 2010). In particular,
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CRRE has been proposed as a method for reducing racial and ethnic inequities in school
experiences and success by explicitly leveraging and fostering students’ cultural competencies
and by validating students’ backgrounds through inclusive course content that mirrors racially,
ethnically, and culturally diverse students’ lives (Kotluk & Kocakaya, 2018).

Successful implementation of CRRE practices requires teachers to engage in ongoing
critical self-reflection on their own cultural identities and biases, develop deep knowledge of
their students' cultural backgrounds, and intentionally design instruction that affirms and draws
on students' cultural assets (Allen et al., 2017; Nelson-Barner et al., 2024; Young, 2010). These
demands ask teachers to adapt instructional choices in ways that may run counter to long-
standing classroom routines. Adoption of CRRE is therefore shaped by more than individual
teacher commitment. Teachers are more likely to adopt and sustain CRRE practices when school
and district leaders provide sustained professional development and model an organizational
commitment to equity-focused instruction (Mathews et al., 2023). In the absence of this
institutional support, even teachers who are deeply committed to equity often face barriers to
enacting CRRE in ways that are consequential. These challenges with implementation can be
especially prominent in STEM courses, which are often perceived as culturally neutral or
objective disciplines, despite long-standing patterns of underrepresentation, disengagement, and
inequitable outcomes among students from historically marginalized groups (Kolovou, 2023).
Given the continued underrepresentation of minoritized populations in STEM majors and
careers, the use of CRRE in high school STEM courses is a promising strategy for promoting
students' belonging and interest in the field (Estrada et al., 2016).

Research, particularly observational and qualitative case studies, suggest that CRRE

approaches have benefits to students, including enhanced achievement, interest, perceived
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competence, belonging, and engagement, (see Aronson & Laughter, 2016 and Parkhouse et al.,
2019 for reviews; as well as Byrd, 2015; 2016; Cabrera et al., 2014; Dee & Penner, 2017 for
quantitative examples). Though quantitative research on CRRE has been limited, it too suggests
that CRRE supports motivation, likely via psychological needs for autonomy, competence, and
relatedness. For example, Byrd (2016) found in one study using a cross-sectional survey with a
racially diverse sample of 6™-12" grade students that CRRE practices were significantly
correlated with school interest, feelings of belonging, and perceptions of academic competence.
Integration of CRRE and SDT Perspectives

Key to understanding how SDT and CRRE can be integrated is to note that there are
many commonalities across these frameworks (Kumar et al., 2018), including the emphasis on 1)
an asset-oriented approach, 2) defining high-quality instructional practices as those that align
with students’ needs, values, goals, interests, and backgrounds, and 3) promoting student growth
and well-being, as well as learning. Both perspectives emphasize that the role of teachers in
student motivation is to understand students in order to create opportunities for learning that
leverage existing experiences, knowledge, values, and assets. Aligned with SDT’s emphasis on
the importance of autonomy, CRRE perspectives emphasize the importance of promoting
learners’ self-initiative free of coercion, self-ownership, and empowerment to act in order to
bring about positive outcomes for themselves and social justice for their communities (Kumar et
al., 2018; Lopez et al., 2022; Moses, 1997; Raz, 1986). CRRE approaches that attempt to
integrate students’ cultures into the curriculum support a sense of competence by combating
negative stereotypes (e.g., Ladson-Billing, 1995) and by leveraging students’ existing interests,

values, goals, and knowledge. They also support a sense of belonging by communicating a
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strong message that racially and ethnically diverse youth are valued, respected, and cared for in
the setting (e.g., Byrd, 2015; Datnow & Cooper, 2000).

In sum, theorical perspectives on CRRE and some limited empirical evidence suggest
that it has strong congruence with principles espoused by SDT, likely having benefits for
engagement and learning via the satisfaction of basic needs. However, unlike SDT, CRRE is
explicit about the cultural and racial experiences of students being key sources of their interests,
values, preferences, and goals, and argues that these must be actively integrated into instruction
rather than treated as incidental to the learning process. SDT remains race-agnostic, neither
theorizing that students' cultural or racial backgrounds shape their perspectives and values nor
accounting for how race-neutral instruction may fail to affirm the identities of racially
marginalized students. Cultural learning theories directly challenge this assumption, arguing that
race, culture, and learning are inherently intertwined and that instruction which ignores this
reality cannot fully support all learners. CRRE therefore extends beyond what autonomy support
as traditionally defined can offer, particularly for students of color whose cultural and racial
identities have historically been absent from or marginalized in curriculum and schooling.
Importantly, however, the benefits of CRRE are not limited to racially marginalized students.
Evidence suggests that CRRE supports positive outcomes across students of all racial and ethnic
backgrounds (Aronson & Laughter, 2016). Moreover, by introducing all students to diverse
cultural perspectives and ways of knowing, CRRE prepares students to engage meaningfully and
empathetically with people from different backgrounds from their own, which is a competency
that is essential for civic participation in an increasingly diverse society.

In this study, we explored these links between SDT and CRRE, focusing particularly on

students’ perceptions of one key component of CRRE approaches, namely, cultural engagement
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practices, that is the extent to which teachers incorporate students’ culture and home life into
discussions and learning activities in the classroom. While CRRE and autonomy support have
overlapping goals, they are grounded in distinct theoretical traditions. Therefore, in this study,
we aimed to understand whether cultural engagement practices contribute to student outcomes
beyond what is explained by autonomy support alone. Modeling them separately enabled
empirical tests of whether their effects are additive, overlapping, or interactive, and helped to
clarify their respective roles in promoting student engagement.
Interactions between Teacher Practices and with Student Characteristics

Autonomy support seems to be widely adaptive across various student demographics,
cultures and contexts (see Parker et al., 2020; Patall & Zambrano, 2019; Reeve, 2009;
Washington et al, 2012), but it remains unclear whether cultural engagement practices further
enhance its benefits, particularly among U.S. students of color. Cultural engagement practices
may moderate the relationship between autonomy support and needs, especially if instructors use
autonomy-supportive strategies in a colorblind or Eurocentric manner. Cultural engagement
practices should extend autonomy support by affirming students’ racial and ethnic identities and
tapping into existing experiences and values of diverse students. Thus, diverse urban students’
perceptions of receiving cultural engagement practices might not only have direct effects on their
basic psychological need satisfaction, but might also enhance the positive relationship between
their perceptions of autonomy support with psychological needs. That is, cultural relevance may
actually reinforce the functional meaning of autonomy support as respecting and promoting
students’ volition and self-determination.

Beyond potential interactions between the two approaches, there is some reason to

believe that autonomy support and cultural engagement practices might be experienced
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differently depending on students’ social identities. In this investigation, most participants were
U.S. urban students of color from modest income backgrounds, particularly Latinx and Asian, as
well as some Black, White, and Middle Eastern students. Given that the urban students of
different racial and ethnic backgrounds in this sample are learning in classrooms and
communities together, we sought to understand the role of racialized experiences by focusing on
students’ vulnerability to racial/ethnic stereotypes. We also focused on the role of students’
gender identity in these relationships. Students’ gender and vulnerability to racial/ethnic
stereotypes may be particularly important sources of variation in the relations among teachers’
practices and students motivation and engagement in the context of physical science courses,
given disparate experiences in science by race and gender, as well as disproportionately low
representation of girl students and students of color (particularly, African-American, Latino/a,
Native American, Pacific Islander, and Southeast Asian students) in physical science careers
(Kang et al., 2023; National Science Board, 2018; Olson & Riordan, 2012; Wang & Degol,
2013).

On one hand, both autonomy support and cultural engagement practices may have equal
or greater benefits for groups who have been traditionally subjected to negative stereotypes (e.g.,
non-White, East, Central, or South Asian boys and girls of all races in the context of science and
math) to the extent that both approaches may elevate the particular needs, cultures, interests,
values, backgrounds, and identities of underserved and marginalized students (e.g., Aronson &
Laughter, 2016; Gay, 2018; Kenny et al., 2010; Parker et al., 2021; Roorda et al., 2011; Solomon
et al., 2000; Tucker et al., 2002; Wallace & Sung, 2017). Alternatively, we may see each
approach being differentially supportive depending on the nature of how and the extent to which

students’ identities are marginalized within science. Within the context of science, technology,
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engineering and mathematics (STEM), racial/ethnic identity may be the most salient aspect of
identity for stigmatization among boy students, given that all areas of STEM have traditionally
been and remain male-dominated (U.S. Bureau of Labor Statistics, 2020). For girls, gender may
be a more salient aspect of identity than race/ethnicity in STEM stigmatization, particularly
within physical science, computer science, engineering, and mathematics. If teacher support is
most effective when aligned with students’ needs, cultural engagement practices may benefit
boys from diverse backgrounds more than girls in STEM courses. Likewise, autonomy
supportive practices, which focus on students’ personal interests and values, might benefit girls
more. Research with racially and ethnically diverse high school students suggests that disparities
in perceptions of autonomy support partly explain girls’ lower engagement in physical science,
suggesting that higher levels of autonomy support may be particularly impactful for girls (Patall
et al., 2018a).
The Present Investigation

Autonomy support and cultural engagement practices have great potential for supporting
students’ motivation, engagement, and learning, particularly in contexts where disengagement is
more likely (i.e., COVID-19 pandemic) and within science education, given evidence that STEM
teachers use fewer motivationally supportive strategies (e.g., Patall et al., 2023) and ongoing
concerns about engaging students in STEM to address disparities in representation and imminent
workforce shortages (National Science Board, 2018; 2020). As this data was collected, students
transitioned to fully remote learning because of the COVID-19 pandemic. This transition was
abrupt and widespread, disrupting not only the logistical structures of schooling but also

relational and instructional conditions. This research examined how instructors’ motivational and
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cultural support influenced students’ outcomes during this particularly tumultuous period, where
students’ need for instructional support may have been particularly heightened.

This research also aimed to contribute to our understanding of psychological mechanisms
through which cultural engagement practices support students’ outcomes. Moreover, the extent
to which there are independent and synergistic relationships between cultural engagement
practices and autonomy supportive practices with students’ psychological needs and
engagement, and variation in these relationships depending on students’ marginalized identities
within science, is not well understood. Thus, the purpose of the current investigation was to
expand our understanding of the relations among racially and ethnically diverse urban high
school chemistry and physics students’ perceptions of teachers’ autonomy supportive and
cultural engagement practices and changes in their psychological need satisfaction and
engagement over the course of an academic semester. Our research was guided by the following
questions.

1. To what extent do racially and ethnically diverse urban high school students’
perceptions of their physics or chemistry teachers’ autonomy support relate to
perceptions of their teachers’ cultural engagement practices?

2. To what extent do racially and ethnically diverse urban high school students’
perceptions of their physics or chemistry teachers’ autonomy support and cultural
engagement practices predict changes in their psychological need satisfaction and
engagement in the course?

3. To what extent do perceptions of physics and chemistry teachers’ autonomy support
and cultural engagement practices interact to influence racially and ethnically diverse

urban high school students’ psychological need satisfaction?
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4. To what extent are the relationships between perceptions of physics and chemistry
teachers’ autonomy support or cultural engagement practices with students’
psychological need satisfaction moderated by high school students’ gender and
racial/ethnic stereotype vulnerability?

To the best of our knowledge, this is the first study to explore these gaps in the research.

We hypothesized that autonomy-supportive and cultural engagement practices would be
moderately correlated, given a strong alignment of principles and approaches (e.g., Patall et al.,
2026) and both would predict an increase in students’ science class engagement via an increase
in psychological need satisfaction. We also expected to find an interaction between the two
forms of teacher supportive practices, such that the presence of one kind of support (i.e., cultural
engagement practices) would bolster the positive relationship with psychological needs for the
other (i.e., autonomy supportive practices). Finally, we expected to find that the relationships
between both forms of support and psychological needs was strongest among students most
vulnerable to negative racial or ethnic stereotypes. However, given the relevance of particular
aspects of identity for students within the science context, we suspected that cultural engagement
practices might have a particularly strong relationship with psychological need satisfaction for
boys and autonomy supportive practices might have a particularly strong relationship with
psychological need satisfaction for girls.

Methods
Sample and Procedure

This study was part of a broader investigation on classroom engagement that took place

in public high schools across a large metropolitan area in California, U.S. between January and

May of 2020. Overall, 556 students (48.7% girls, 43.6% boys, 7.7% non-binary or did not report)
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in 32 chemistry (54%) and physics (46%) class sections of 10 teachers from five schools
participated by completing surveys. Participants ranged between 14 and 18 years of age (Mean
age = 15.40 years). Participants were mostly Latino/a or Hispanic; 327 participants were Latino/a
or Hispanic (59%); 137 were Asian or Asian American (25%), 35 were European American or
White (6%), 34 participants were African American or Black (6%), 5 were Middle Eastern
(<1%), 4 were Native American, Pacific Islander, or Native Hawaiian (<1%), and 45 were
another race/ethnicity (8%).! One-hundred and fifty-six (28.0%) participants were freshman, 171
(30.8%) were sophomores, 162 (29.1%) were juniors, 36 (6.5%) were seniors, and 31 students
(5.6%) did not provide this information. Most students in the sample came from modest income
backgrounds, with most reporting that they qualified for free or reduced-price lunch (70%) and
an additional 17% of participants reporting that they did not wish to share this information or did
not know if they qualified. Most students in the sample also reported speaking a language other
than English (74%) at home. The average self-reported grade point average (GPA) for the
sample was 3.24 on a 4.5 scale (standard deviation = 0.66).

Surveys were administered to students at the start of the semester (Time 1: January/early
February 2020) and at the end of the semester (Time 2: May 2020) as part of a larger
investigation of an engagement intervention that was delivered following survey completion. The
first survey included items to assess students’ need satisfaction, engagement, and demographic
characteristics. The second survey included items to assess students’ perceptions of their
teacher’s autonomy support and culturally responsive instruction, as well as need satisfaction and
engagement, among other variables not related to this analysis. Graduate research assistants

administered the Time 1 (T1) web-based surveys to students in their classrooms and emails were

! Race/ethnicity categories are not mutually exclusive.



AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 20

sent to students to complete the Time 2 (T2) web-based survey at home. Students received $5 for
returning a consent form and $5 each for completing the first and second survey.

Due to the transition to lockdowns during COVID-19, only two hundred and sixty-six
students provided data for both surveys. Students who completed both surveys included slightly
more girls (57%), chemistry students (57%), Latino/Hispanic students (62%), Asian (31%)
students, students in upper grades (43%), students who qualified for free or reduced-price lunch
(77%), students who spoke a language other than English at home (80%), students with just
slightly higher grades (Mean GPA = 3.36), and fewer white students (3%).

Student participants were in classes across 10 teachers (M4ge = 34.89, SD g = 11.63) who
were mostly European American or White (40%), 10% were African American or Black, 10%
were Latino/a or Hispanic, 20% were Asian or Asian American and 20% did not share this
information. This sample of teachers were 44.44% male and 55.56% female. In terms of
socioeconomic status, 11.11% of teachers identified as working class, 77.78% identified as
middle class, and 11.11% identified as upper middle class. On a scale from 1 (strongly disagree)
to 5 (strongly agree), teachers on average perceived themselves to be strongly autonomy
supportive (M =4.15, SD = 0.40) and culturally engaging (M = 3.88, SD = 0.54).

Measures

Directions for responding to survey items indicated that students should focus on their
current science course experiences. Survey items are listed in the online supplemental materials
(OSM).

Psychological need satisfaction was measured with The Balanced Measure of
Psychological Needs (Sheldon & Hilpert, 2012). Autonomy, competence, and relatedness

satisfaction in class were measured with three items each. Students responded to questions on a
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scale from 1 (strongly disagree) to 5 (strongly agree). A six-factor confirmatory factor analysis
(CFA) with full information maximum likelihood estimation (FIML), maximum likelihood
estimation with robust standard errors (MLR), and the TYPE = COMPLEX option to account for
clustering by class was conducted in Mplus v.8 (Muthén & Muthén, 2017), with items for each
type of need satisfaction modeled as loading on its respective factor for either T1 or T2. This
model fit the data well (x> = 204.79 [p < .001], CFI/TLI: .98/.98, SRMR: 0.03, RMSEA: 0.04).
Loadings for all items on their respective need satisfaction factors were all greater than .62. Next,
to reduce complexity and the number of paraments included in a full SEM, composite mean
scores were computed for autonomy, relatedness and competence need satisfaction each at T1
and T2 (o ranged from .81 to .96 across timepoints and needs). A two-factor CFA was conducted
in which the three-scale means were modeled as loading on need satisfaction at T1 and at T2.
Correlated residuals between the same indicator assessed at different time points were included.
This model fit the data well (x> = 1.79 [p = .88], CFI/TLI: 1.0/1.0, SRMR: 0.01, RMSEA: 0.00).
Loadings for all items on their respective factors were all greater than .65.

Engagement in science class was measured with 8 items from the Engagement versus
Disaffection with Learning Student Report (Furrer & Skinner, 2003) to capture behavioral and
emotional engagement, 5 items from the Agentic Engagement Scale (AES; 5 items; Jang et al.,
2016; Reeve, 2013) to capture agentic engagement, and 4 learning strategies items from
Metacognitive Strategies Questionnaire (Wolters, 1994). Items were slightly adapted for
consistency with the online learning context at T2 during COVID-19. Students responded to
questions using a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
An eight-factor CFA fit the data well for each engagement dimension at T1 and T2 (x° = 996.01

[p <.001], CFI/TLI: 0.93/0.92, SRMR: 0.05, RMSEA: 0.04). Standardized loadings were above



AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 22

.63. Again, to reduce the number of paraments included in a full SEM, composite mean scores
were computed for behavioral, emotional, cognitive, and agentic engagement each at T1 and T2
(a ranged from .89 to .93 across timepoints and engagement type). The two-factor CFA using the
four scale means on engagement at T1 and engagement at T2 and correlated residuals between
the same indicator assessed at different time points fit the data well (y° = 8.82 [p = .89],
CFI/TLI: 1.0/1.0, SRMR: 0.02, RMSEA: 0.00). Loadings for all items on their respective factors
were all greater than .63.

Student perceptions of their science teachers’ cultural engagement practices was
measured with the 7-item student report cultural engagement subscale from the Student Measure
of Culturally Responsive Teaching scale (Dickson et al., 2016). Perceptions of science teachers’
autonomy support was assessed with the short-version of the Learning Climate Questionnaire
(LCQ; 6 items; William & Deci, 1996). All of these items were rated on a 5-point Likert scale
ranging from not at all true (1) to extremely true (5). To first explore the factor structure of the
items, we conducted an exploratory factor analysis. Results showed that a 2-factor model fit the
data best. Chi-square difference tests showed that a 2-factor model fit significantly better than a
1-factor model, but that a 3-factor model did not fit better than a 2-factor model. Further, the
eigenvalues for the two factors exceeded the threshold of 1.0 and factor loadings were all above
.76. In addition, a two-factor CFA with both cultural engagement practices and autonomy
support items loading on their respective factors fit the data well (y* = 8.75 [p = .02], CFI/TLI:
.99/.99, SRMR: 0.04, RMSEA: 0.04). Loadings for all items on their respective factors were all
greater than .81. The correlation between the factors was 0.41.

In the T1 survey, we also included a measure of stereotype vulnerability. We included

three items specifically relevant to the school context from the Rejection Sensitivity (RS) — Race
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Questionnaire (Mendoza-Denton et al., 2002) to assess students’ vulnerability to stereotypes
about their racial or ethnic group. Students rated the extent to which they would be concerned
that various negative events described in the items would occur because of their race on a 5-point
Likert scale ranging from very unconcerned (1) to very concerned (5). We conducted a CFA to
examine the factor structure of this scale and found that all items loaded well (>.82) on a single
factor. The CFA with a single factor and three items was just identified, so fit indices could not
be computed. The reliability (Cronbach’s a) of all measures used in analyses can be found in
Table 1.

Additional covariates of interest were assessed in the T1 survey, including students’
gender identity (1 = girls), GPA, grade level, free or reduced-price lunch eligibility status (0 =
does not receive free/reduced price lunch, 1 = does receive free/reduced price lunch), and native
language (0 = Only English is spoken at home; 1 = Language other than English is spoken at
home). Course subject information (0 = Physics; 1 = Chemistry) was collected from teachers at
the recruitment stage.

Finally, we conducted a full measurement model, which included T1 and T2 need
satisfaction, T1 and T2 engagement, teachers’ autonomy supportive practices, and teachers’
cultural engagement practices as latent constructs. Results showed that his model fit the data well
(x” =686.49 [p < .001], CFI/TLI: .93/.92, SRMR: 0.06, RMSEA: 0.05). Standardized loadings
for all items on their respective factors were all greater than .58.

Measurement Invariance

CFAs for all measures were conducted in Mplus v.8 (Muthén & Muthén, 2017) focused

on testing measurement invariance across time points and between genders. Missing data were

handled with full information maximum likelihood estimation (FIML) and maximum likelihood
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estimation with robust standard errors (MLR) was used in all analyses. To address within-cluster
correlations as a result of students being clustered in classes, we used the TYPE = COMPLEX
option within Mplus to implement robust standard errors using a sandwich estimator. Acceptable
model fit was indicated by a comparative fit index (CFI) value of .90 or higher and root mean
square error of approximation (RMSEA) and standardized root mean square residual (SRMR)
values of .08 or lower (Marsh et al., 2005). Invariance testing involved the comparison of
increasingly restrictive configural, metric, and scalar invariance models. For model comparisons,
a CFI difference between two models of less than .01 generally indicates a negligible change in
overall fit and support for the more parsimonious model (Chen, 2007; Cheung & Rensvold,
2002). We also conducted Satorra-Bentler scaled chi-square difference tests to compare models.

We were able to confirm scalar measurement invariance across time for need satisfaction
and engagement. Multigroup CFAs confirmed scalar measurement invariance across gender for
engagement at both timepoints, need satisfaction at both timepoints, and perceived teacher
practices, including both perceived cultural engagement practices and perceived teacher
autonomy support constructs. Further, we confirmed scalar measurement invariance across
gender for the full measurement model. Model fit information from these analyses is reported in
Table S1 of the OSM.
Analytic Strategy

Once acceptable measurement models and measurement invariance were established, we
examined bivariate correlations across variables in preliminary analyses, paying particular
attention to the correlation between student perceived cultural engagement practices and teacher
autonomy support to address Research Question 1. To address Research Question 2, we then

explored the predictive relationships between cultural engagement practices and autonomy
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support with student need satisfaction and engagement across the two timepoints in two
structural equation models (SEMs) that utilized FIML, MLR, and TYPE = COMPLEX options
in Mplus. Since there were fewer than 50 teachers, we used TYPE=COMPLEX with class as the
nesting variable, rather than multilevel modeling, to account for the nested nature of the data
(Heck & Thomas, 2020). Further, we included school as a dummy-coded covariate in all models
to account for school-level differences in the proposed relationships. We first tested a model
(Model 1) in which student perceived cultural engagement practices at Time 2 predicted student
need satisfaction at Time 2, and in turn, student engagement at Time 2, controlling for both
outcomes at Time 1. The second model (Model 2) added student-perceived teacher autonomy
support at Time 2 as a predictor. Both direct paths and indirect paths from perceived teacher
practices to engagement via need satisfaction were assessed. Perceived teacher practice
variables, need satisfaction, and engagement were all modeled as latent variables. Each model
included the same set of covariates predicting need satisfaction and engagement outcomes at
Time 2, subject, grade level, gender, GPA, free/reduced price lunch eligibility, and native
language, all modeled as manifest variables. These models are depicted in Figure 1 without
demographic covariates. The model fit of SEMs was evaluated against the same criteria that had
been applied to the CFAs.

Next, we created three new models to explore research questions 3 and 4. In these
models, both perceived teacher practices at Time 2 were used to predict students’ need
satisfaction at Time 2, controlling for the outcome at Time 1 and the same set of covariates as
prior models. However, also included in these models were interactions between perceived
teacher practice variables and students’ stereotype vulnerability or gender. A latent moderated

structural equation approach (Klein & Moosbrugger, 2000) was used by adding the XWITH
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statement option of the MODEL command in MPlus to specify an interaction between either the
two latent variables or between an observed (e.g., gender) and latent variable (Muthén &
Muthén, 2009). Interactions between the two perceived practices (Model 3), between practices
and stereotype vulnerability (Model 4), and between practices and gender (Model 5) were
included in three separate models (depicted in Figure 2 without demographic covariates). This
approach does not allow for computation of fit indices (Maslowsky et al., 2015). We computed
simple effects to better understand significant interactions.
Transparency and Openness

This study follows the Journal Article Reporting Standards (Appelbaum et al., 2018). We
report inclusion criteria, data collection procedures, and all study measures. Due to requirements
of collaborating schools, the materials, data, and analysis code for this study are only available
by emailing the corresponding author. This study is part of a larger project that was preregistered
(https://osf.i0/pr3j5). The analyses reported in this paper were not preregistered.

Results

Preliminary Analyses

Descriptive statistics and bivariate correlations are shown in Table 1. Correlations among
cultural engagement practices, autonomy support, need satisfaction, and engagement were in the
expected directions and all statistically significant. Notably, the bivariate correlation between
cultural engagement practices and autonomy support was .39, suggesting that the practices co-
occur. Moreover, correlations between autonomy support with need satisfaction and engagement
were stronger than correlations between cultural engagement practices with these outcomes.

Several statistically significant correlations also emerged between key variables and
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demographic variables (e.g., grade level, gender, etc.). Being a girl? was correlated with lower
need satisfaction at Time 1 (T1) and Time 2 (T2), as was being enrolled in a chemistry class
(compared to physics) at T1. Eligibility for free or reduced-price lunch was also associated with
lower engagement (T1). Statistically significant positive correlations between GPA and
engagement (T1 and T2), need satisfaction (T1), and perceived autonomy support (T2) emerged.
In support of the use of TYPE = COMPLEX in models to account for clustering, ICCs for the
latent variables ranged from 6% to 39% of the variation being attributed to the classroom (see
Table 1), with smaller ICCs for outcomes at Time 2.
Relationships Among Perceived Teacher Practice, Need Satisfaction, and Engagement

Model 1 fit the data well (2= 723.18, df = 364, CFI = .90, RMSEA = .05, SRMR = .08,
see Table 2). Structural equation models indicated that students’ perceptions of cultural
engagement practices predicted a statistically significant increase in students’ psychological need
satisfaction (f = .21, p = .001) relative to the beginning of the semester, and need satisfaction
predicted a statistically significant increase in engagement (f = .96, p <.001). The indirect effect
of perceived cultural engagement practices on engagement via need satisfaction was also positive
and statistically significant (f = .20, p =.002). Need satisfaction was also lower among girls than
boys (f=-.16, p <.001).

Model 2 fit the data well (y2=1012.05, df = 554, CF1 = .90, RMSEA = .05, SRMR = .08,
see Table 2). Structural equation models indicated that students’ perceptions of cultural
engagement practices no longer predicted a statistically significant change in students’

psychological need satisfaction (8 = .10, p =.13) with perceived teacher autonomy support

2 Five students indicated “other/non-binary” as their gender. Due to the small sample size of this group,
relationships between “other/non-binary” genders and focal variables could not be analyzed with the current data.
Gender information was treated as missing in analyses for “other/non-binary” students.
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included in the model, which predicted a statistically significant change in students’
psychological need satisfaction (8 = .38, p <.001). Students’ need satisfaction continued to
predict a statistically significant increase in engagement (8 = .87, p <.001). The indirect effect of
perceived teacher autonomy support on engagement via need satisfaction was also positive and
statistically significant (8 = .33, p <.001). However, the indirect effect for perceived cultural
engagement practices was not statistically significant (f = .09, p =.15). Again, need satisfaction
was also lower among girls than boys (f =-.15, p =.001).
Interactions among Perceived Teacher Practices, Stereotype Vulnerability, and Gender in
Predicting Need Satisfaction

Next, we explored a series of models to examine whether perceived teacher autonomy
support and cultural engagement practices interacted to predict changes in students’ experience
of psychological need satisfaction, as well as whether the relationships between the perceived
teacher practice variables and need satisfaction varied depending on students’ stereotype
vulnerability or gender. Results suggested that the latent interaction between the two perceived
teacher practice variables was not statistically significant (see Table S2 of OSM). Likewise, the
latent interactions between stereotype vulnerability with perceived teacher autonomy support and
culturally responsive instruction were not statistically significant (see Table S2 of OSM).

However, gender statistically significantly interacted with perceived cultural engagement
practices to predict changes in need satisfaction (B =-0.14, SE = 0.05, p = .008; see Table S2 of
OSM). Probing this interaction with simple slopes revealed that perceived cultural engagement
practices predicted a statistically significant increase in need satisfaction for boys (b = 0.24, SE =
0.05, p <.001), but not for girls (b =0.01, SE = 0.07, p = .84). The interaction between gender

and perceived autonomy support was not statistically significant at the traditional p < .05 level,
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but it was marginally significant at p = .07 (B = 0.09, SE =0.05, p < .07; see Table S2 of
OSM). Given that this interaction was only marginally significant, we did not probe it further,
but we note that the positive direction of the non-significant interaction coefficient favoring girls.
Discussion

The present investigation examined the extent to which culturally and racially diverse
urban high school chemistry and physics students’ perceptions of their teachers’ cultural
engagement practices and autonomy support predicted their need satisfaction and engagement in
class over the course of a semester during the onset of the COVID-19 pandemic. We also
examined whether the teacher practices interacted to predict need satisfaction and whether the
relationship between practices and need satisfaction varied depending on students’ stereotype
vulnerability and gender.
Consistency of Findings with Hypotheses Based on Theory

Many findings from this study were in line with our predictions and consistent with
culturally responsive (e.g., Gay, 2018) and self-determination theories (e.g., Ryan & Deci, 2017)
that we drew on to guide hypotheses. As we predicted, we found that urban high school students’
perceptions of their science teachers’ cultural engagement practices predicted an increase in their
psychological need satisfaction, compared to earlier in the semester. Moreover, this increase in
need satisfaction, in turn, predicted an increase in engagement over the course of the semester.
Culturally relevant and responsive education (CRRE) frameworks emphasize the importance of
promoting the cultures and contributions of the learners’ communities, their connection with
others, and their empowerment to act on one’s own behalf and that of one’s community in order
to propel learning and growth (Gay, 2018; Kumar et al., 2018; Ladson-Billing, 1995; Lopez et

al., 2022; Moses, 1997; Raz, 1986). Given these emphases, the importance of experiences of
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autonomy, competence, and relatedness need satisfaction seems intrinsic to the approach. Along
these lines, this study provides initial evidence that psychological need satisfaction is a
mechanism by which culturally relevant approaches may yield benefits for students’ engagement
and learning outcomes. As this data was collected, students transitioned to remote learning due to
the COVID-19 pandemic. Against this backdrop, our results highlight that even during this
tumultuous period, many students perceived that their instructors were culturally supportive.
This suggests that teachers were able to maintain and communicate culturally responsive and
relevant practices even as they navigated an unprecedented shift to remote instruction, which
speaks to both the adaptability of skilled educators and the applicability of CRRE practices
across educational contexts. Future research should continue to examine how culturally
responsive teaching practices function across varied and challenging learning contexts.

Not surprisingly, results were also consistent with theory and prior research from a self-
determination theory perspective suggesting that students’ adaptive functioning follows teachers’
support for psychological needs (e.g., Jang et al., 2016). Consistent with prior studies on student
engagement (e.g., Patall et al., 2018b), results of this investigation indicated that high school
students’ perceptions of their science teachers’ autonomy support predicted an increase in their
need satisfaction, and in turn, their engagement across the semester. This finding shows that even
during a tumultuous transition to online learning during the onset of the COVID-19 pandemic,
students still experienced benefits from autonomy supportive instruction, showing that autonomy
supportive instruction has potential to be successfully implemented even in challenging
educational contexts. Moreover, consistent with our hypotheses was the finding that teachers’

cultural engagement practices and autonomy support were moderately correlated, a finding that
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supports our claim that there is strong congruence in principles espoused by CRRE and SDT
(e.g., Kumar et al., 2018; Patall et al., 2026).

There were also findings somewhat counter to our predictions. Given that CRRE is
explicit about the cultural and racial experiences of students being key sources of their interests,
values, and goals to be leveraged in the curriculum, we expected that cultural engagement
practices would have benefits beyond autonomy support among this sample of largely students
of color. Prior evidence shows support for this relationship, where racially minoritized college
students’ perceptions of their instructor’s promotion of cultural competence and cultural
socialization were associated with their need satisfaction and in turn, their engagement in class
over and above their perceptions of autonomy support (Vite et al., 2025). However, results of
this investigation indicated that once perceived teacher autonomy support was included in the
model, student perceptions of cultural engagement practices no longer predicted a change in
students’ need satisfaction above and beyond the effect of autonomy support without considering
variation in students’ gender, which we discuss more next. We presume this finding is likely due
to the (expected) overlap in how students perceive these constructs. Our factor analytic results
reinforce this interpretation showing that the empirical boundaries between autonomy support
and culturally relevant and responsive practices are less distinct than current theoretical accounts
suggest. This pattern raises theoretical questions with implications for both frameworks. When
teachers honor students' lived experiences, draw on their cultural and linguistic resources, and
treat their identities as assets in the learning process, students may experience these actions as
deeply autonomy-supportive. Instructors’ autonomy support, as students actually encounter it,
may be inseparable from the relational and sociocultural conditions that make classrooms feel

responsive to students’ backgrounds. Future work might therefore approach SDT and CRRE as
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mutually shaping perspectives, examining where they converge and diverge empirically. Rather
than treating CRRE and autonomy support as competing or redundant frameworks, future work
should explore how they can be conceptualized as complementary.

Nonetheless, in line with prior research, these results underscore the generalized
importance of teachers’ autonomy supportive practices to the adaptive functioning and
engagement in the classroom across students of various backgrounds (e.g., Patall & Zambrano,
2019). This finding represents an important contribution to the literature, particularly given that
limited prior research has tested these patterns of relationships with racially and ethnically
minoritized U.S. samples. Much of the existing work on autonomy support and student
engagement has been conducted with predominantly White or homogenous samples, limiting the
generalizability of autonomy-supportive practices across diverse student groups. While SDT
scholars claim that support for basic psychological needs is universally related to positive
outcomes, we encourage researchers to continue to corroborate this claim with evidence from
demographically and contextually diverse samples.

Gender Moderates the Cultural Engagement-Need Satisfaction Relation in Science

We examined whether the teacher practices interacted to predict need satisfaction and
whether the relationship between practices and need satisfaction varied depending on students’
stereotype vulnerability and gender. In contrast to our predictions, perceived teacher practices
did not interact, nor did we find that the relationships between perceptions of teachers’
supportive practices and psychological needs were strongest among students most vulnerable to
negative racial or ethnic stereotypes. We think these findings point to how essential teachers’

autonomy supportive practices are for class engagement across students of various backgrounds.
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However, consistent with our predictions, we did find that the relationship between
cultural engagement and need satisfaction varied by gender. Specifically, we found a statistically
significant positive relationship between cultural engagement practices and psychological need
satisfaction for only boys and not girls. These findings underscore that the effects of teachers’
practices are partly dependent on the identity of students within the specific context. In this case,
for boys, ethnic or racial identity may be particularly salient, as most areas of STEM are male-
dominated (U.S. Bureau of Labor Statistics, 2020) and people of color remain underrepresented
(Kang et al., 2023; National Science Board, 2018; Olson & Riordan, 2012; Wang & Degol,
2013). Cultural engagement practices may enhance need satisfaction above and beyond
autonomy support for boys, in particular, by serving to counter the traditional
underrepresentation of some racial and ethnic groups’ perspectives in science curriculum.
Essentially, cultural engagement strategies provide value-added support for the cultural aspects
of boys’ interests, values, and goals that may be saliently neglected across science contexts,
while their identity as boys is not.

In contrast, the positive relationship between autonomy supportive practices and
psychological need satisfaction was positive and significant for both boys and girls. We note that
although the positive interaction was not statistically significant at the conventional p < .05 level,
it was marginally significant (at p < .07), suggesting that we might have detected a stronger
relationship between perceived autonomy support and need satisfaction for girls compared to
boys with greater statistical power. Taken together, this pattern of findings related to gender
interactions also points to the likelihood that for girls, race and ethnicity may not be the most
salient factor for stigmatization in STEM, given pervasive stereotypes associating math-

intensive, physical sciences with innate talent that men possess more so than women (e.g., Leslie
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et al., 2015; Nosek et al., 2009; Tiedemann, 2002). Consistent with gender stereotypes in
science, research demonstrates that racially and ethnically diverse girls routinely report lower
levels of perceived competence, interest, and need satisfaction in STEM during adolescence
compared to their boy counterparts (e.g., Patall et al., 2018a; Wang & Degol, 2013, 2017), and
experience differential treatment by teachers, including less autonomy support (e.g., Patall et al.,
2018a). Given the male-dominated nature of science, it may align with fewer aspects of girls’
identities, interests, goals, and values. Autonomy support seems to fill a critical gap in girls’
experience in science by helping to align science experiences better with personal interests,
values, and goals, just as it does for boys. However, the importance of aligning girls’ experiences
in science with their cultural backgrounds appears to be secondary to supporting their personal
autonomy in the context of strong racially-generalized, gender stereotypes in science. That
explanation aside, it is also possible, though not clearly established with the current data, that the
strong relationship between autonomy support and needs may also potentially crowd out any
additional benefits of cultural engagement practices for girls in particular. Alternatively, it is
possible that socialization processes that emphasize agreeableness among women (e.g., Wood &
Eagly, 2002) may encourage girls of color, who face multiple negative stereotypes in STEM,
more so than boys to adapt to racially white norms in science classroom spaces (e.g., Johnson et
al., 2022). This socialization may render cultural engagement practices to be a less powerful
form of support compared to autonomy support among girls, though evidence in the prior
literature supporting this explanation is limited.
Limitations
While this study provides meaningful insight on the combined contribution of autonomy

supportive and culturally relevant instruction on students’ engagement, several key limitations
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constrain the interpretation of results. First, we did not explore relationships separately for
different racial groups and instead focused on whether students’ racial or ethnic stereotype
vulnerability explained any variation in the effects. We believe this approach is a strength, as
stereotype vulnerability is a useful explanatory variable for why differences could have emerged.
From a QuantCrit perspective, controlling for race in analyses is not always a meaningful
representation of the racism implicated in the measurement of race (Fong & Irizarry, 2025). By
examining how students’ stereotype vulnerability may have affected the relationships of interest,
we more acutely accounted for the impact of systems of oppression on students’ experiences in
class. Nonetheless, we recommend that future research examine the relationships observed in the
current study with large student samples of specific racial and ethnic groups, examined
separately, with more attention given to race- and ethnicity-specific cultural variables and
teacher characteristics that might explain the pattern of relationships. Further, qualitative
research would enhance our understanding of how racially, ethnically, and culturally diverse
students interpret autonomy support in the context of their cultural identities.

Additionally, this study relied on student-reported data which may be subject to response
bias and shared-method variance. An important step for future research is to use observational
data or teacher reports. In addition, we recommend that future research explore the focal
relationships using different time frames and different contexts. We believe the context for this
study, urban high school physical science classrooms, meaningfully influenced results, making it
important to explore the relationships among teacher practices, need satisfaction, and
engagement in different subjects, at different developmental stages, and in different school levels

and settings.
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Further, the short longitudinal design, with two timepoints and teacher practices
measured only at Time 2, limits the conclusions about change that can be drawn from our
analyses. Because our models do not control for students' perceptions of their instructors'
autonomy support or CRRE at Time 1, we cannot determine whether teaching practices predicted
changes in need satisfaction or engagement over time. Accordingly, the effects from teaching
practices to student outcomes should be interpreted as cross-sectional rather than longitudinal in
nature. Future research would benefit from designs that include teacher practice measures at
multiple timepoints, enabling stronger causal inference about the directionality of relationships
examined.

Finally, the relatively small sample size both at Time 1 and Time 2 limits the statistical
power of our analyses, particularly our results from the structural equation models. The reduction
in sample size across time points, primarily attributed to disruptions in instruction associated
with the onset of COVID-19, also raises concerns about attrition bias. Students who did not
complete measures at Time 2 may differ systematically from those who did on key variables,
which could threaten the representativeness of the Time 2 sample. The decline in ICCs from
Time 1 to Time 2 for students’ engagement and need satisfaction may be evidence of such
attrition bias, indicating that classroom level variance decreased over time (see Table 1). Future
studies should employ larger, more diverse samples and strategies to minimize attrition.
Replication of these findings in larger samples would strengthen confidence in the stability and
generalizability of the effects reported.

Implications and Future Directions
The findings from this investigation suggest that teacher practices that support student

autonomy and cultural relevance are critically important to the engagement of racially and
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culturally diverse high school students. This investigation makes an important contribution by
showing that need satisfaction is a critical mechanism by which cultural engagement practices
support student outcomes and is the first to simultaneously explore the relationships between
both autonomy support and cultural engagement practices with students’ need satisfaction and
engagement and over time, particularly among urban U.S. students of color from modest income
backgrounds. In line with prior evidence, this study points to the benefits of teachers’ autonomy
support for diverse, urban U.S. students’ need satisfaction and engagement, for whom evidence
on these relations has been limited. This study also highlights complex interactions with
students’ gender and the importance of considering multiple student identities within a science
context. In line with prior evidence (e.g., Aronson & Laughter, 2016; Patall & Zambrano, 2019;
Reeve & Cheon, 2021), this evidence continues to highlight the promise of interventions that
target support for students’ psychological needs and cultural relevance in order to engage diverse
students in science.

Some research indicates that instructor resistance to autonomy-supportive and culturally
responsive and relevant practices is often rooted in perceived feasibility barriers, including the
belief that such strategies demand more time and resources than everyday teaching contexts
allow (Reeve et al., 2014; Young, 2010). We argue, however, that the unique context of this
research challenges that perception. Students and instructors in this study were simultaneously
adapting to profound disruptions in their everyday lives and schooling experiences during the
onset of the COVID-19 pandemic. Although many teachers across the U.S. experienced
significant burnout, stress, and uncertainty during this period, students in this sample still
perceived their use of autonomy-supportive and culturally responsive instruction at levels that

were meaningfully associated with need satisfaction and engagement (Pressley, 2021). This
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finding shows that rather than being an added burden, these strategies are adaptable and may
even be most consequential when learning conditions are most challenging. However, while the
pandemic context highlights the importance of motivationally and culturally supportive teaching
under adverse conditions, it also necessitates caution in generalizing the results to more typical
instructional settings. We recommend that future research continues to examine these
relationships in fully in-person instructional settings.

We hope that this investigation will provide a basis for replication and extension in future
research. While findings from this study did not suggest that CRRE was associated with changes
in students’ need satisfaction above and beyond the effect of autonomy support consistently
across gender, we believe that it is important for future empirical research to focus on
understanding how SDT and CRRE approaches can be meaningfully integrated and used to
powerfully explain, predict, and support students’ academic success, particularly that of racially
and ethnically minoritized students (e.g., DeCuir-Gunby & Schutz, 2014; 2024). One important
approach is to test these relationships longitudinally, particularly to discern whether CRRE
predicts changes in students’ need satisfaction, and engagement over time. Further, while there is
theoretical overlap between CRRE and autonomy support, more research is needed to understand
the empirical connections between these teaching practices. It remains unclear, for instance,
whether CRRE operates partly through its capacity to foster autonomy support, such that
culturally responsive practices create the relational and motivational conditions under which
autonomy-supportive instruction becomes possible, or whether the two practices are better
understood as co-occurring but conceptually distinct dimensions of high-quality teaching. One
methodological approach for future research is to use a cross-lagged panel model to determine

the direction of effects between instructors' use of CRRE and autonomy support. Such a design,
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with teacher practice measures collected at multiple timepoints, would allow researchers to test
whether early levels of one practice predict later levels of the other while controlling for their
prior association, providing clearer evidence about whether and how these constructs influence
one another over time. Qualitative and observational approaches may also complement this work
by illuminating the mechanisms through which CRRE and autonomy support intersect in
classroom practice, moving beyond self-report and perception measures toward a richer
understanding of how these teaching behaviors manifest and interact in real instructional
contexts. Beyond cultural engagement practices, we recommend that future research explore the
extent to which other dimensions of culturally relevant and responsive education (i.e., support for
critical consciousness skills) are related to and can be integrated with autonomy support to
support students’ outcomes. Eventually, we hope that future research can focus on the
development and testing of interventions that train teachers on instructional strategies integrate
SDT and CRRE approaches to fully support the motivational needs of racially and ethnically
diverse students.
Conclusion

This investigation contributes to an important emerging research base designed to
understand the role of teachers’ motivating and culturally relevant instructional practices in the
engagement of culturally and racially diverse U.S. high school science students. Results
highlight the importance of both teachers’ support for autonomy and cultural relevance in urban
adolescents’ need satisfaction and science class engagement, as well as heterogeneity depending
on students’ gender identities. We encourage researchers and educators to continue to explore
ways to effectively integrate and leverage these practices in order to create positive motivational

environments that allow all students to thrive.



AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 40

References
Allen, A., Hancock, S. D., Starker-Glass, T., & Lewis, C. W. (2017). Mapping culturally relevant
pedagogy into teacher education programs: A critical framework. Teachers College
Record, 119(1), 1-26.
Ahmadi, A., Noetel, M., Parker, P., Ryan, R. M., Ntoumanis, N., Reeve, J., ... & Lonsdale, C.
(2023). A classification system for teachers’ motivational behaviors recommended in
self-determination theory interventions. Journal of Educational Psychology, 115(8),

1158-1176. https://doi.org/10.1037/edu0000783.

Aronson, B., & Laughter, J. (2016). The theory and practice of culturally relevant education: A
synthesis of research across content areas. Review of Educational Research, 86(1), 163-

206. https://doi.org/10.3102/0034654315582066

Banks, J. A. (1993). Multicultural education: Historical development, dimensions, and practice.
Review of Research in Education, 19, 3-49.

Byrd, C. M. (2015). The associations of intergroup interactions and school racial socialization
with academic motivation. The Journal of Educational Research, 108(1), 10-21.

https://doi.org/10.1080/00220671.2013.831803

Byrd, C. M. (2016). Does culturally relevant teaching work? An examination from student
perspectives. Sage Open, 6(3), 2158244016660744.

https://doi.org/10.1177/2158244016660744

Cabrera, N. L., Milem, J. F., Jaquette, O., & Marx, R. W. (2014). Missing the (student
achievement) forest for all the (political) trees: Empiricism and the Mexican American
studies controversy in Tucson. American Educational Research Journal, 51(6), 1084-

1118. https://doi.org/10.1177/2158244016660744



https://doi.org/10.1037/edu0000783
https://doi.org/10.3102/0034654315582066
https://doi.org/10.1080/00220671.2013.831803
https://doi.org/10.1177/2158244016660744
https://doi.org/10.1177/2158244016660744

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 41

Caleon, I. S., Tan, J. P. L., Wui, M. G. L., Leen, C. C., & King, R. B. (2016). Academically at-
risk adolescents in Singapore: The importance of teacher support in promoting academic
engagement. In The psychology of Asian learners: A festschrift in honor of David

Watkins (pp. 519-539). Singapore: Springer Singapore.. https://doi.org/10.1007/978-981-

287-576-1 32
Chen, B., Vansteenkiste, M., Beyers, W., Boone, L., Deci, E. L., Van der Kaap-Deeder, J., ... &
Verstuyf, J. (2015). Basic psychological need satisfaction, need frustration, and need

strength across four cultures. Motivation and Emotion, 39, 216-236.

https://doi.org/10.1007/s11031-014-9450-1

Chen, F. F. (2007). Sensitivity of goodness of fit indexes to lack of measurement invariance.
Structural Equation Modeling: A Multidisciplinary Journal, 14(3), 464-504.

https://doi.org/10.1080/10705510701301834

Cheon, S. H., Reeve, J., & Vansteenkiste, M. (2020). When teachers learn how to provide
classroom structure in an autonomy-supportive way: Benefits to teachers and their
students. Teaching and Teacher Education, 90, 103004.

Cheung, G. W., & Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for testing
measurement invariance. Structural Equation Modeling, 9(2), 233-255.

https://doi.org/10.1207/S15328007SEM0902_5

Chirkov, V. 1., & Ryan, R. M. (2001). Parent and teacher autonomy-support in Russian and US
adolescents: Common effects on well-being and academic motivation. Journal of Cross-

Cultural Psychology, 32(5), 618-635. https://doi.org/10.1177/0022022101032005006



https://doi.org/10.1007/978-981-287-576-1_32
https://doi.org/10.1007/978-981-287-576-1_32
https://doi.org/10.1007/s11031-014-9450-1
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1177/0022022101032005006

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 42

Cokley, K. (2015). A confirmatory factor analysis of the academic motivation scale with black
college students. Measurement and Evaluation in Counseling and Development, 48(2),

124-139. https://doi.org/10.1177/0748175614563316

Connell, J. P., Halpem-Felsher, B. L., Clifford, E., Crichlow, W., & Usinger, P. (1995). Hanging
in there: Behavioral, psychological, and contextual factors affecting whether African
American adolescents stay in high school. Journal of Adolescent Research, 10(1), 41-63.

https://doi.org/10.1177/0743554895101004

Datnow, A., & Cooper, R. (2000). Creating a climate for diversity? The institutional response of
predominantly white independent schools to African-American students. In M. G.
Sanders (Ed.), Schooling students placed at risk: Research, policy, and practice in the
education of poor and minority adolescents (pp. 207-228). Lawrence Erlbaum
Associates.

DeCuir-Gunby, J. T., & Schutz, P. A. (2014). Researching race within educational psychology
contexts. Educational Psychologist, 49(4), 244-260.

https://doi.org/10.1080/00461520.2014.957828

DeCuir-Gunby, J. T., & Schutz, P. A. (2024). The evolution of race-focused and race-reimaged
approaches in educational psychology: Future directions for the field. Educational

Psychology Review, 36(1), Article 30. https://doi.org/10.1007/s10648-024-09873-2

Dee, T. S., & Penner, E. K. (2017). The causal effects of cultural relevance: Evidence from an
ethnic studies curriculum. American Educational Research Journal, 54(1), 127-166.

https://doi.org/10.3386/w21865



https://doi.org/10.1177/0748175614563316
https://doi.org/10.1177/0743554895101004
https://doi.org/10.1080/00461520.2014.957828
https://psycnet.apa.org/doi/10.1007/s10648-024-09873-2
https://doi.org/10.3386/w21865

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 43

Dickson, G. L., Chun, H., & Fernandez, I. T. (2016). The development and initial validation of
the Student Measure of Culturally Responsive Teaching. Assessment for Effective

Intervention, 41(3), 141-154. https://doi.org/10.1177/1534508415604879

Eccles, J. S., Midgley, C., Wigtfield, A., Buchanan, C. M., Reuman, D., Flanagan, C., & Mac
Iver, D. (1993). Development during adolescence: The impact of stage-environment fit
on young adolescents' experiences in schools and in families. American Psychologist,

48(2), 90-101. https://doi.org/10.1037/0003-066x.48.2.90

Erikson, E. H. (1968). Identity: Youth and crisis. W. W. Norton & Company.

Estrada, M., Burnett, M., Campbell, A. G., Campbell, P. B., Denetclaw, W. F., Gutiérrez, C. G.,
... & Zavala, M. (2016). Improving underrepresented minority student persistence in
STEM. CBE—Life Sciences Education, 15(3), es5.

Feng, X., Xie, K., Gong, S., Gao, L., & Cao, Y. (2019). Effects of parental autonomy support
and teacher support on middle school students’ homework effort: Homework autonomous
motivation as mediator. Frontiers in Psychology, 10, 612.

Fong, C. J., & Irizarry, Y. (2025). Too quant to crit? Advancing QuantCrit methodologies in
educational psychology. Contemporary Educational Psychology, 80, 102341.

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School engagement: Potential of the
concept, state of the evidence. Review of Educational Research, 74(1), 59-109.

https://doi.org/10.3102/00346543074001059

Froiland, J. M., Davison, M. L., & Worrell, F. C. (2016). Aloha teachers: Teacher autonomy
support promotes Native Hawaiian and Pacific Islander students’ motivation, school
belonging, course-taking and math achievement. Social Psychology of Education, 19,

879-894. https://doi.org/10.1007/s11218-016-9355-9



https://psycnet.apa.org/doi/10.1177/1534508415604879
https://doi.org/10.1037/0003-066x.48.2.90
https://doi.org/10.3102/00346543074001059
https://doi.org/10.1007/s11218-016-9355-9

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 44

Furrer, C., & Skinner, E. (2003). Sense of relatedness as a factor in children's academic
engagement and performance. Journal of Educational Psychology, 95(1), 148—

162. https://doi.org/10.1037/0022-0663.95.1.148

Gay, G. (2018). Culturally responsive teaching: Theory, research, and practice. Teachers
College Press.

Gonzalez-Pefio, A., Franco, E., & Coteron, J. (2021). Do observed teaching behaviors relate to
students’ engagement in physical education?. International Journal of Environmental
Research and Public Health, 18(5), 2234.

Heck, R., & Thomas, S. L. (2020). An introduction to multilevel modeling techniques: MLM and
SEM approaches. Routledge.

Jang, H., Kim, E. J., & Reeve, J. (2012). Longitudinal test of self-determination theory’s
motivation mediation model in a naturally occurring classroom context. Journal of

Educational Psychology, 104(4), 1175-1188. http://dx.doi.org/10.1037/a0028089

Jang, H., Kim, E. J., & Reeve, J. (2016). Why students become more engaged or more
disengaged during the semester: A self-determination theory dual-process model.

Learning and Instruction, 43, 27-38. https://doi.org/10.1016/j.learninstruc.2016.01.002

Jang, H., Reeve, J., Ryan, R. M., & Kim, A. (2009). Can self-determination theory explain what
underlies the productive, satisfying learning experiences of collectivistically oriented
Korean students?. Journal of Educational Psychology, 101(3), 644.

Johnson, D. G., Mattan, B. D., Flores, N., Lauharatanahirun, N., & Falk, E. B. (2022). Social-
cognitive and affective antecedents of code switching and the consequences of linguistic
racism for Black people and people of color. Affective Science, 3(1), 5-13.

https://doi.org/10.1007/s42761-021-00072-8


https://psycnet.apa.org/doi/10.1037/0022-0663.95.1.148
http://dx.doi.org/10.1037/a0028089
https://psycnet.apa.org/doi/10.1016/j.learninstruc.2016.01.002

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 45

Kang, C., Jo, H., Han, S. W., & Weis, L. (2023). Complexifying Asian American student
pathways to STEM majors: Differences by ethnic subgroups and college selectivity.
Journal of Diversity in Higher Education, 16(2),215-225.

https://doi.org/10.1037/dhe0000326

Karenga M. (1989). The African American holiday of Kwanzaa: A celebration of family,
community and culture. University of Sankore Press.

Katz, 1., Kaplan, A., & Gueta, G. (2009). Students’ needs, teachers’ support, and motivation for
doing homework: A cross-sectional study. The Journal of Experimental Education, 78(2),

246-267. https://doi.org/10.1080/00220970903292868

Kenny, M. E., Walsh-Blair, L. Y., Blustein, D. L., Bempechat, J., & Seltzer, J. (2010).
Achievement motivation among urban adolescents: Work hope, autonomy support, and
achievement-related beliefs. Journal of Vocational Behavior, 77(2), 205-212.

https://doi.org/10.1016/1.jvb.2010.02.005

Klein, A., & Moosbrugger, H. (2000). Maximum likelihood estimation of latent interaction
effects with the LMS method. Psychometrika, 65(4), 457-474.

https://doi.org/10.1007/BF02296338

Kolovou, M. (2023). Embracing culturally relevant education in mathematics and science: A
literature review. The Urban Review, 55(1), 133-172.

Kotluk, N., & Kocakaya, S. (2018). Culturally relevant/responsive education. Journal of Ethnic
and Cultural Studies, 5(2), 98-117.

Krys, K., Vignoles, V. L., De Almeida, I., & Uchida, Y. (2022). Outside the “cultural binary’:

Understanding why Latin American collectivist societies foster independent


https://doi.org/10.1037/dhe0000326
https://doi.org/10.1080/00220970903292868
https://doi.org/10.1016/j.jvb.2010.02.005
https://doi.org/10.1007/bf02296338

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 46

selves. Perspectives on Psychological Science, 17(4), 1166-1187.

https://doi.org/10.1177/17456916211029632

Kumar, R., Zusho, A., & Bondie, R. (2018). Weaving cultural relevance and achievement
motivation into inclusive classroom cultures. Educational Psychologist, 53(2), 78-96.

https://doi.org/10.1080/00461520.2018.1432361

Ladson-Billings, G. (1995). Toward a theory of culturally relevant pedagogy. American
Educational Research Journal, 32(3), 465-491.

Leslie, S. J., Cimpian, A., Meyer, M., & Freeland, E. (2015). Expectations of brilliance underlie
gender distributions across academic disciplines. Science, 347(6219), 262-265.

http://dx.doi.org/10.1126/science.1261375

Lopez, F. A. (2016). Culturally responsive pedagogies in Arizona and Latino students’
achievement. Teachers College Record, 118(5), 1-42.

https://doi.org/10.1177/016146811611800503

Lopez, F., Gonzélez, N., Hutchings, R., Delcid, G., Raygoza, C., & Lopez, L. (2022). Race-
reimaged self-determination theory: Elucidating how ethnic studies promotes student
identity and learning outcomes using mixed-methods. Contemporary Educational

Psychology, 71, 102119. https://doi.org/10.1016/j.cedpsych.2022.102119

Malkus, N. (2025). Lingering Absence in Public Schools: Tracking Post-Pandemic Chronic

Absenteeism into 2024. American Enterprise Institute. https://cosm.aei.org/lingering-

absence-in-public-schools-tracking-post-pandemic-chronic-absenteeism-into-2024/

Marsh, H. W., Hau, K.-T., & Grayson, D. (2005). Goodness of fit in structural equation models.
In A. Maydeu-Olivares & J. J. McArdle (Eds.), Contemporary psychometrics: A

festschrift for Roderick P. McDonald (pp. 275-340). Erlbaum.


https://doi.org/10.1177/17456916211029632
https://doi.org/10.1080/00461520.2018.1432361
http://dx.doi.org/10.1126/science.1261375
https://doi.org/10.1177/016146811611800503
https://doi.org/10.1016/j.cedpsych.2022.102119
https://cosm.aei.org/lingering-absence-in-public-schools-tracking-post-pandemic-chronic-absenteeism-into-2024/
https://cosm.aei.org/lingering-absence-in-public-schools-tracking-post-pandemic-chronic-absenteeism-into-2024/

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 47

Maslowsky, J., Jager, J., & Hemken, D. (2015). Estimating and interpreting latent variable
interactions: A tutorial for applying the latent moderated structural equations
method. International Journal of Behavioral Development, 39(1), 87-96.

https://doi.org/10.1177/0165025414552301

Matos, L., Reeve, J., Herrera, D., &amp; Claux, M. (2018). Students’ agentic engagement
predicts longitudinal increases in perceived autonomy-supportive teaching: The squeaky
wheel gets the grease. The Journal of Experimental Education, 86(4), 579-596.

https://doi.org/10.1080/00220973.2018.1448746

Mathews, H. M., Oblath, R., Bettini, E., McCray, E., Chopra, A., & Scott, T. (2023).
Relationships between organizational factors and teachers’ knowledge and use of
culturally relevant education. Teachers College Record, 125(9), 140-165.

Mendoza-Denton, R., Downey, G., Purdie, V. J., Davis, A., & Pietrzak, J. (2002). Sensitivity to
status-based rejection: implications for African American students' college experience.
Journal of Personality and Social Psychology, 83(4), 896-918.

https://doi.org/10.1037/0022-3514.83.4.896

Moses, M. S. (1997). Multicultural education as fostering individual autonomy. Studies in

Philosophy and Education, 16, 373-388. https://doi.org/10.1023/A:1004957802575

Muthén, L. K., & Muthén, B. O. (1998-2017). Mplus User’s Guide. Eighth Edition. Muthén &
Muthén.

Muthén, B., & Muthén, B. O. (2009). Statistical Analysis with Latent Variables. New York, NY:
Wiley.

National Science Board. (2018). Our nation’s future competitiveness relies on building a STEM-

capable U.S. workforce: A policy companion statement to science and engineering


https://doi.org/10.1177/0165025414552301
https://doi.org/10.1080/00220973.2018.1448746
https://doi.org/10.1037/0022-3514.83.4.896
https://doi.org/10.1023/A:1004957802575

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 48

indicators 2018. National Science Foundation. Retrieved from

https://www.nsf.egov/nsb/sei/companion-brief/NSB-2018-7.pdf

National Science Board. (2020). STEM and the American Workforce: An inclusive analysis of the
jobs, GDP and output powered by science and engineering.

https://www.fticonsulting.com/~/media/Files/us-files/insights/reports/2020/march/stem-

american-workforce.pdf

Nelson-Barber, S., Boxerman, J., Johnson, Z., Silberglitt, M., & Trumbull, E. (2024). The culture
factor: Paths to culturally relevant education for teachers and learning communities in the
United States of America. International Review of Education, 70(6), 1009-1042.

Nieto, C., & Zoller Booth, M. (2010). Cultural competence: Its influence on the teaching and
learning of international students. Journal of Studies in International Education, 14(4),

406-425. https://doi.org/10.1177/1028315309337929

Nosek, B. A., Smyth, F. L., Sriram, N., Lindner, N. M., Devos, T., Ayala, A., ... & Greenwald,
A. G. (2009). National differences in gender—science stereotypes predict national sex
differences in science and math achievement. Proceedings of the National Academy of

Sciences, 106(26), 10593-10597. https://doi.org/10.1073/pnas.0809921106

Olson, S., & Riordan, D. G. (2012). Engage to excel: Producing one million additional college
graduates with degrees in science, technology, engineering, and mathematics. Report to
the President. In Executive Office of the President. Executive Office of the President.

https://eric.ed.gov/?1d=ED541511

Paris, D., & Alim, H. S. (2014). What are we seeking to sustain through culturally sustaining
pedagogy? A loving critique forward. Harvard Educational Review, 84(1), 85-100.

https://doi.org/10.17763/haer.84.1.9821873k2ht16m77



https://www.nsf.gov/nsb/sei/companion-brief/NSB-2018-7.pdf
https://www.fticonsulting.com/%7E/media/Files/us-files/insights/reports/2020/march/stem-american-workforce.pdf
https://www.fticonsulting.com/%7E/media/Files/us-files/insights/reports/2020/march/stem-american-workforce.pdf
https://doi.org/10.1177/1028315309337929
https://doi.org/10.1073/pnas.0809921106
https://eric.ed.gov/?id=ED541511
https://doi.org/10.17763/haer.84.1.982l873k2ht16m77

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 49

Parker, J. S., Garnes, J. N., Oliver, E. D., Amabile, A., & Sarathy, A. (2020). It takes a village:
Understanding African American high school students’ self-determination in school.
School Psychology Review, 49(2), 111-129.

https://doi.org/10.1080/2372966X.2020.1717371

Parker, J. S., Parris, L., Lau, M., Dobbins, A., Shatz, L., Porush, S., & Wilkins, B. (2021).
Perceived teacher autonomy support and self-determination skill expression: predictors of
student engagement among African American high school students. Journal of Black

Psychology, 47(6), 445-475. https://doi.org/10.1177/00957984211009190

Parkhouse, H., Lu, C. Y., & Massaro, V. R. (2019). Multicultural education professional
development: A review of the literature. Review of Educational Research, 89(3), 416-

458. https://doi.org/10.3102/0034654319840359

Patall, E. A. (2020, January 20). Development of an intervention to promote agentic engagement
in STEM high school classrooms (Preregistration). Open Science Framework.
https://osf.io/pr3j5

Patall, E. A., Kennedy, A. A. U., Yates, N., Zambrano, J., Lee, D., & Vite, A. (2022). The
relations between Urban high school science students’ agentic mindset, agentic
engagement, and perceived teacher autonomy support and control. Contemporary

Educational Psychology, 71, 1-12. https://doi-org/10.1016/j.cedpsych.2022.102097

Patall, E. A., Lee, D. J., Zambrano, J., Vite, A., Zong, Y., & Cokley. K. (2026). Equity and
inclusion in autonomy-relevant education: A critical direction for self-determination
theory. In F. A. Lopez, J. T. Decuir-Gunby, & D. L. Gray (Eds.), Handbook of Race,
Equity, and Asset-Based Research in Educational Psychology (pp. 92-138). Routledge.

https://doi.0org/10.4324/9781032673417-8


https://doi.org/10.1080/2372966X.2020.1717371
https://doi.org/10.1177/00957984211009190
https://doi.org/10.3102/0034654319840359
https://doi-org/10.1016/j.cedpsych.2022.102097

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 50

Patall, E. A., Steingut, R. R., Freeman, J. L., Pituch, K. A., & Vasquez, A. C. (2018a). Gender
disparities in students’ motivational experiences in high school science classrooms.

Science Education, 102, 951-977. https://doi.org/10.1007/s11031-012-9305-6

Patall, E. A., Steingut, R. R., Vasquez, A. C., Trimble, S. S., Pituch, K. A., & Freeman, J. L.
(2018b). Daily autonomy supporting or thwarting and students’ motivation and
engagement in the high school science classroom. Journal of Educational

Psychology, 110(2), 269-288. https://doi.org/10.1037/edu0000214

Patall, E. A., Vite, A., Lee, D. & Zambrano, J., Hamilton Bhat, B., Go Guardian Research Team,
& Arkatov, A. (2023). The 2022-2023 State of Engagement Report: Teachers’ Practices

of Engaging Students. Go Guardian. https://www.goguardian.com/state-of-engagement

Patall, E. A., & Zambrano, J. (2019). Facilitating student outcomes by supporting autonomy:
Implications for practice and policy. Policy Insights from the Behavioral and Brain

Sciences, 6 (2), 115—-122. https://doi.org/10.1177/2372732219862572

Pressley, T. (2021). Factors contributing to teacher burnout during COVID-19. Educational
Researcher, 50(5), 325-327.

Raz, J. (1986). The morality of freedom. Oxford University Press.

Reeve, J. (2009). Why teachers adopt a controlling motivating style toward students and how
they can become more autonomy supportive. Educational Psychologist, 44(3), 159-175.

https://doi.org/10.1080/00461520903028990

Reeve, J. (2013). How students create motivationally supportive learning environments for
themselves: The concept of agentic engagement. Journal of Educational

Psychology, 105(3), 579-595. https://doi.org/10.1037/a0032690



https://doi.org/10.1007/s11031-012-9305-6
https://doi.org/10.1037/edu0000214
https://www.goguardian.com/state-of-engagement
https://doi.org/10.1177/2372732219862572
https://doi.org/10.1080/00461520903028990
https://doi.org/10.1037/a0032690

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 51

Reeve, J., & Cheon, S. H. (2021). Autonomy-supportive teaching: Its malleability, benefits, and
potential to improve educational practice. Educational Psychologist, 56(1), 54-77.

https://doi.org/10.1080/00461520.2020.1862657

Reeve, J., Ryan, R. M., & Deci, E. L. (2018). Sociocultural influences on student motivation as
viewed through the lens of self-determination theory. In G. A. D. Liem and D. M.
Mclnerney (Eds.), Big theories revisited 2 (15-40). Information Age Publishing.

Reeve, J., Vansteenkiste, M., Assor, A., Ahmad, 1., Cheon, S. H., Jang, H., ... & Wang, C. J.
(2014). The beliefs that underlie autonomy-supportive and controlling teaching: A
multinational investigation. Motivation and Emotion, 38(1), 93-110.

Roorda, D. L., Koomen, H. M. Y., Spilt, J. L., & Oort, F. J. (2011). The influence of affective
teacher-student relationships on students’ school engagement and achievement: A meta-
analytic approach. Review of Educational Research, 81(4), 493-529.

https://doi.org/10.3102/0034654311421793

Ruck, M. D., Abramovitch, R., & Keating, D. P. (1998). Children’s and adolescents’
understanding of rights: Balancing nurturance and self-determination. Child

Development, 69(2), 404—417. https://doi.org/10.1111/7.1467-8624.1998.tb06198.x

Ryan, R. M., & Deci, E. L. (2017). Self-determination theory: Basic psychological needs in
motivation, development, and wellness. Guilford Press.

https://doi.org/10.1521/978.14625/28806

Sheldon, K. M., Abad, N., & Omoile, J. (2009). Testing self-determination theory via Nigerian
and Indian adolescents. International Journal of Behavioral Development, 33(5),

451-459. https://doi.org/10.1177/0165025409340095


https://doi.org/10.1080/00461520.2020.1862657
https://doi.org/10.3102/0034654311421793
https://doi.org/10.1111/j.1467-8624.1998.tb06198.x
https://doi.org/10.1521/978.14625/28806

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 52

Sheldon, K. M., & Hilpert, J. C. (2012). The Balanced Measure of Psychological Needs (BMPN)
scale: An alternative domain general measure of need satisfaction. Motivation and

Emotion, 36(4), 439—451. https://doi.org/10.1007/s11031-012-9279-4

Skinner, E. A., Kindermann, T. A., & Furrer, C. (2009). A motivational perspective on
engagement and disaffection: Conceptualization and assessment of children’s behavioral
and emotional participation in academic activities in the classroom. Educational and

Psychological Measurement, 69, 493-525. http://dx.doi.org/10.1177/0013164408323233

Soenens, B., Vansteenkiste, M., & Van Petegem, S. (2015). Let us not throw out the baby with
the bathwater: Applying the principle of universalism without uniformity to autonomy-
supportive and controlling parenting. Child Development Perspectives, 9(1), 44-49.

https://doi.org/10.1111/cdep.12103

Solomon, D., Battistich, V., Watson, M., Schaps, E., & Lewis, C. (2000). A six-district study of
educational change: Direct and mediated effects of the Child Development Project. Social

Psychology of Education, 4(1), 3-51. https://doi.org/10.1023/A:1009609606692

Su, Y. L., & Reeve, J. (2011). A meta-analysis of the effectiveness of intervention programs
designed to support autonomy. Educational Psychology Review, 23(1), 159-188.

https://doi.org/10.1007/s10648-010-9142-7

Tiedemann, J. (2002). Teachers' gender stereotypes as determinants of teacher perceptions in
elementary school mathematics. Educational Studies in mathematics, 50(1), 49-62.

Tucker, C. M., Zayco, R. A., Herman, K. C., Reinke, W. M., Trujillo, M., Carraway, K., ...
Ivery, P. D. (2002). Teacher and child variables as predictors of academic engagement
among low-income African American children. Psychology in the Schools, 39(4), 477—

488. https://doi.org/10.1002/pits. 10038



https://psycnet.apa.org/doi/10.1007/s11031-012-9279-4
http://dx.doi.org/10.1177/0013164408323233
https://doi.org/10.1111/cdep.12103
https://doi.org/10.1023/A:1009609606692
https://doi.org/10.1007/s10648-010-9142-7
https://doi.org/10.1002/pits.10038

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 53

U.S. Bureau of Labor Statistics. (2020). Employed persons by detailed occupation, sex, race, and
Hispanic or Latino ethnicity (Table 11). In Labor Force Statistics from the Current
Population Survey. U.S. Department of Labor.

https://www.bls.gov/cps/aa2020/cpsaatl 1.htm

Villalobos Solis, M., Smetana, J. G., & Tasopoulos-Chan, M. (2016). Evaluations of conflicts
between Latino values and autonomy desires among Puerto Rican adolescents. Child

Development, 88(5), 1581-1597. https://doi.org/10.1111/cdev.12687

Vite, A., Patall, E. A., & Zambrano, J. (2025). Relationships among autonomy relevant
instruction, classroom racial climate, and student engagement. Journal of Experimental

Education, 1-24. http://doi.org/10.1080/00220973.2025.2565158

Wallace, T. L., & Sung, H. C. (2017). Student perceptions of autonomy-supportive instructional
interactions in the middle grades. The Journal of Experimental Education, 85(3), 425-

449. https://doi.org/10.1080/00220973.2016.1182885

Wang, M.-T., & Degol, J. (2013). Motivational pathways to STEM career choices: Using
expectancy—value perspective to understand individual and gender differences in STEM

fields. Developmental Review, 33(4), 304-340. https://doi.org/10.1016/1.dr.2013.08.001

Wang, M. T., & Degol, J. L. (2017). Gender gap in science, technology, engineering, and
mathematics (STEM): Current knowledge, implications for practice, policy, and future

directions. Educational Psychology Review, 29, 119-140. https://doi.org/10.1007/s10648-

015-9355-x
Washington, B. H., Hughes, C., & Cosgriff, J. C. (2012). High-poverty youth: Self-determination
and involvement in educational planning. Career Development and Transition for

Exceptional Individuals, 35(1), 14-28. https://doi.org/10.1177/0885728811420135



https://www.bls.gov/cps/aa2020/cpsaat11.htm
https://doi.org/10.1111/cdev.12687
http://doi.org/10.1080/00220973.2025.2565158
https://doi.org/10.1080/00220973.2016.1182885
https://doi.org/10.1016/j.dr.2013.08.001
https://doi.org/10.1007/s10648-015-9355-x
https://doi.org/10.1007/s10648-015-9355-x
https://doi.org/10.1177/0885728811420135

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 54

Williams, G. C., & Deci, E. L. (1996). Internalization of biopsychosocial values by medical
students: A test of self-determination theory. Journal of Personality and Social

Psychology, 70(4), 767-779. https://doi.org/10.1037/0022-3514.70.4.767

Wolters, C. A. (2004). Advancing achievement goal theory: Using goal structures and goal
orientations to predict students' motivation, cognition, and achievement. Journal of

Educational Psychology, 96, 236-250. https://doi.org/10.1037/0022-0663.96.2.236

Wood W., Eagly A. H. (2002). A cross-cultural analysis of the behavior of women and men:
implications for the origins of sex differences. Psychol. Bull. 128, 699-727
10.1037/0033-2909.128.5.699

Yates, N., & Patall, E. A. (2021). Exploring the relationship between Black high school students’
external regulation and intrinsic motivation. Motivation and Emotion, 45(2), 146—158.

https://doi.org/10.1007/s11031-020-09863-1

Young, E. (2010). Challenges to conceptualizing and actualizing culturally relevant pedagogy:
How viable is the theory in classroom practice?. Journal of Teacher Education, 61(3),
248-260.

Zambrano, J., Patall, E. A., Vite, A., & Lee, D. (2026). Race-reimaged autonomy support: A
validation of a measure that integrates self-determination theory and culturally relevant
education. Contemporary Educational Psychology, 84, 102442,

https://doi.org/10.1016/j.cedpsych.2025.102442. .



https://psycnet.apa.org/doi/10.1037/0022-3514.70.4.767
https://doi.org/10.1037/0022-0663.96.2.236
https://doi.org/10.1007/s11031-020-09863-1
https://doi.org/10.1016/j.cedpsych.2025.102442

AUTONOMY SUPPORT, CULTURAL PRACTICES, AND ENGAGEMENT 55

Table 1

Descriptive Statistics and Observed Bivariate Correlations

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13

1. Grade level

2. Subject 16"

3. Gender -.04 .05

4. FRL -05 257 -07

5. Native Lang. -06 .11" 10" 33"

6. GPA 147 177 07 -11% -.06

7. SV -120-02 110 .03 .02 -07

8. Engage T1 07 -05 .05 -16" -04 26 -08

9. Engage T2 -03 -05 -05 -09 .04 21" -02 .66

10. Need Sat T1 07 -09" -11" -09 -07 .27 -11 73" .46~

11. Need Sat T2 -03 -09 -19" -08 .07 .10 -03 .54 74" 61"

12. Cult Eng T2 .04 .04 -01 .01 .06 .09 .004 .24 32" 20" 32"

13. Aut Support T2 -.07 -004 -.03 .02 .05 .15 -005 .48 .69" 40" .60" 39"
M 2.15 054 053 090 081 324 231 377 3.69 3.62 3.47 2.84 3385
SD 093 050 050 031 039 066 171 0.66 0.74 0.75 090 1.00 0.90
N 525 556 513 432 511 494 525 527 274 528 276 268 269
Cronbach’s a 89 79 84 70 83 94 94
ICC 09 21 06 39 .13 22 .15

Notes. "p < .05. " p < .01. Subject = course subject (1 = chemistry). Gender = student gender (1 = girl). Native lang. = native language (1 = language other than
English). FRL = free or reduced-price lunch (1 = eligible). GPA = grade point average. SV = stereotype vulnerability ((All items were rated on a 5-point scale
ranging from 1 (very unconcerned) to 5 (very concerned)). T1 = Time 1. T2 = Time 2. Engage. = Engagement (All items were rated on a 5-point scale ranging
from 1 (strongly disagree) to 5 (strongly agree)). Need Sat = Psychological need satisfaction (All items were rated on a 5-point scale ranging from 1 (strongly
disagree) to 5 (strongly agree)). Cult Eng = Perceived cultural engagement practices (All items were rated on a 5-point scale ranging from 1 (not at all true) to 5
(extremely true)). Aut Support = Perceived teacher autonomy support (All items were rated on a 5-point scale ranging from 1 (not at all true) to 5 (extremely
true)). M = Mean. SD = Standard deviation. N = Number of participants. ICC = Intraclass correlation coefficient.
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Table 2

Estimates (and Standard Errors) for Structural Equation Model 1 and Model 2

Model 1 Model 2

Predictor Need Sat T2 Engage T2 Need Sat T2 Engage T2

Unstand Stand Unstand Stand Unstand Stand Unstand Stand
Cult Eng T2 0.16™ (0.04) 0.21™ (0.06) 0.01 (0.04) 0.01 (0.06) 0.08 (0.05) 0.10 (0.07) -0.01 (0.04) -0.01 (0.06)
Aut Support T2 - -- -- - 0.36™(0.07)  0.387 (0.07) 0.14* (0.08) 0.16* (0.08)
Need Sat T1 0.75™ (0.10) 0.65™7(0.04) -- - 0.54™(0.09)  0.47" (0.06) -- -
Need Sat T2 - -- 0.92" (0.11) 0.96™ (0.06) -- - 0.877(0.12)  0.87° (0.08)
Engage T1 - -- 0.06 (0.07) 0.05 (0.06) -- - 0.04 (0.06) 0.04 (0.05)
School 1 -0.317(0.09) -0.20™ (.06) 0.02 (0.12) 0.01 (0.08) -0.317(0.12) -0.20" (0.08) -0.02 (0.10) -0.01 (0.07)
School 2 -0.13 (0.12) -0.07 (.07) -0.12 (0.11) -0.06 (0.06) -0.12 (0.15) -0.06 (0.08) -0.12 (0.09) -0.07 (0..05)
School 3 -0.01 (0.15) -0.01 (.05) -0.36™ (0.14) -0.13"(0.06) -0.13 (0.18) 0.04 (0.06) -0.30™(0.11)  -0.10" (0.05)
School 4 -0.27 (0.20) -0.09 (.07) -0.10 (0.17) -0.03 (0.06) -0.21 (0.20) -0.07 (0.07) -0.10 (0.15) -0.03 (0.05)
Grade level -0.07 (0.05) -0.08 (0.06) -0.05 (0.04) -0.06 (0.05) -0.02 (0.05) -0.03 (0.06) -0.04 (0.03) -0.05 (0.04)
Subject 0.03 (0.10) 0.02 (0.07) 0.00 (0.07) 0.00 (0.05) 0.02 (0.10) 0.01 (0.07) 0.00 (0.06) 0.00 (0.04)
Gender -0.25" (0.08) -0.16™ (0.05) 0.11+(0.06) 0.07+(0.04) -0.24™ (0.08)  -0.15™ (0.04) 0.09+ (0.06) 0.06* (0.04)
GPA 0.07 (0.08) 0.06 (0.07) 0.01 (0.06) 0.01 (0.06) 0.05 (0.08) 0.04 (0.07) 0.02 (0.06) 0.01 (0.05)
FRL -0.18 (0.17) -0.07 (0.07) 0.03 (0.10) 0.01 (0.04) -0.22 (0.16) -0.09 (0.07) 0.00 (0.09) 0.00 (0.04)
Nat. Lang. 0.19 (0.13) 0.09 (0.06) -0.11+(0.06) -0.05*(0.03) 0.22" (0.10) 0.117 (0.05) -0.08 (0.06) -0.04 (0.03)
Covariances Unstand Stand Unstand Stand
Cult Eng T2— Aut Support T2 -- - 0.36™ (0.07) 0.42™ (0.06)
Need Sat T1 — Cult Eng T2 0.17™ (0.06) 0.23™ (0.08) 0.16™ (0.06) 0.24™ (0.08)
Engage T1 — Cult Eng T2 0.19™(0.07) 0.29"(0.09) 0.19™(0.07) 0.29 (0.09)
Need Sat T1 — Aut Support T2 -- - 0.34™ (0.07) 0.60™" (0.08)
Engage T1 — Aut Support T2 0.30"" (0.05) 0.57""(0.07)

Need Sat T1 — Engage T1

0.44™ (0.05)

1.02"™ (0.02)

0.44" (0.05)

1.03™ (0.03)

Indirect Effects

Cult Eng T2 71 Need Sat T2 [/Engage T2 0.15™ (0.05) 0.20" (0.07) 0.06 (0.04) 0.09 (0.06)
95% CI[0.05/0.24] 95% CI1[0.08/0.33] 95% CI[-0.05/0.15] 95% CI[-0.03/0.20]
Aut Support T2 [] Need Sat T2 [/Engage T2 - - 0.30™" (0.07) 0.33"" (0.08)

95% CI[0.17/0.43]

95% CI [0.18/0.48]

Total Effects
Cult Eng T2 [JEngage T2

Aut Support T2 [JEngage T2

0.15 (0.04)
95% CI [0.07/0.23]

0.21" (0.06)
95% CI [0.10/0.33]

0.05 (0.04)
95% CI [-0.02/0.13]

0.45™ (0.07);

0.07 (0.05)
95% CI [-0.03/0.18]

0.49" (0.05)

95% CI[0.31/0.58] 95% CI[0.38/0.59]

Model Fit (df) = 723.18 (364), 2(df) = 1012.05 (554),
p=<.001 p=<.001
CFI=.90, TLI= .89 CFI=.90, TLI= .89
RMSEA =.050 RMSEA = .046
[95% CI .045/.056] [95% CI .042/.051]
SRMR = .080 SRMR =.077

Notes. 'p < .10. "p <.05. "p < .01. ™ p <.001. T1 = Time 1. T2 = Time 2. Unstand = Unstandardized coefficients (and standard errors). Stand = Standardized
coefficients (and standard errors). Need Sat = Psychological need satisfaction. Engage. = Engagement. Cult Eng = Perceived cultural engagement practices. Aut
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Support = Perceived teacher autonomy support. School 1-4 = Dummy coded school covariate (School 5 is reference group); Subject = course subject (1 =
chemistry). Gender = student gender (1 = girl). GPA = grade point average. FRL = free or reduced-price lunch (1 = eligible). Native lang. = native language (1 =
language other than English). Standard errors in parentheses. Measurement model for latent variables not displayed. 95% CI = 95% Confidence Interval.
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Figure 1
Hllustration of Model 1 and Model 2
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Figure 2

Hllustration of Model 3, Model 4, and Model 5
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