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For I know the thoughts I have toward you, saith the Lord, 

Thoughts of peace, and not of evil, to give you an expected end. 

Jeremiah 29:11 

 

 

 

Life is an interesting journey 

You never know where it will take you 

Peaks and valleys, 

Twist and turns 

You can get the surprise of your life 

Sometimes on the way to where you are going 

You can think, “This is the worst time of my life.” 

But you know what, 

At the end of the road, 

Through all the adversity, 

If you can get where you wanted to be 

You remember whatever don’t kill you 

Makes you stronger. 

And all of the adversity was worth it. 

 

“Live Your Life” by T.I. feat Rihanna 
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ABSTRACT 

Science, Technology, Engineering, and Mathematics (STEM) is one of the fastest 

growing and highly paid career fields in the field.  To fulfill these positions, 

educational agencies will need to produce highly trained and motivated people, and to 

create a diversified and equitable workforce sustaining the connections to African 

American youth is vital, but what are the factors that have been successful so far?  

Using the High School Longitudinal Survey 2009/12 (HSLS) dataset, 172 African 

American students that enrolled in STEM fields following graduation were 

investigated to understand the relationship between environmental, psychological, and 

behavioral factors associated with Bandura’s triadic reciprocal determinism 

framework.  According to Bandura, reciprocal determinism is a concept in which a 

person’s behavior is influenced by psychological and environmental aspects to varying 

degrees.  The “blending” of such factors produces an effect that, in turn, can imply 

motivations, interest, and aspirations (e.g., careers).  Using triadic reciprocal 

determinism as a framework - and Eriksonian’s human development, Nigrescence 

theory, and an anti-deficit achievement as theoretical underpinnings - this study 

examines the interdependent relationship of the psychological and environmental 

influences in the participants’ second follow-up responses questions pertaining to 

mathematical identity and efficacy, school belonging and climate, and algebraic 

proficiency and math credits earned. 

 

Research of African American STEM youth is predominantly qualitative, so this study 

implements canonical correlation analysis (CCA) to explain the effects of such factors 



Texas Tech University, Ramey II, December 2021 

viii 

upon adolescents.  To examine data using CCA, observed factors are grouped into 

three canonical sets representing the synthetic variables personal, behavioral, and 

environmental (in accord with triadic causation) and two variables are partitioned into 

each set to make a total of six variables.  Using CCA, the results indicated statistical 

significance amongst the models personal-behavioral (Wilks λ = 0.94, F(4, 336) = 

2.79, p < 0.05 for a full model) and environmental-personal (Wilks λ = 0.9367, F(4, 

336) = 2.7933, p < 0.05 for a full model) where personal-behavioral yielded the 

highest explained variance model (13.33%) than the others.  This model also indicated 

a direct relationship between factors associated with personal and behavioral factors, 

verifying various other studies.  There was also a direct relationship between 

mathematical efficacy and factors associated with the synthetic variable 

environmental; however, there is differentiation within the personal variable set, 

where mathematical identity and efficacy tend to diverge as the environmental set 

increases.  From this study, the factors mathematical efficacy, algebraic proficiency 

and school belonging are significant, indicating the usefulness of the triadic reciprocal 

determinism framework in understanding factors influencing African American youth 

that pursue STEM majors.  This study discusses the implications of Black 

mathematical identity and self-efficacy in motivating and supporting Black youth 

seeking careers in STEM. 

 

Key words: canonical correlation analysis, reciprocal determinism, African American, 

mathematics, STEM, self-efficacy 
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CHAPTER I 

INTRODUCTION 

1.1 Background 

The term STEM (Science, Technology, Engineering, and Mathematics) was 

popularized in the 1990s by the National Science Foundation as a conglomerate term 

to describe state and national level education policies (Bybee, 2013).  In the last 20 

years, the US job market has gradually increased the number of STEM careers 

changing the workforce dynamics.  Prior to the start of the pandemic, the projected 

growth rate of STEM jobs was 9.2%, in comparison to the overall market (which was 

3.7%).  And in 2019, careers in STEM showed the highest salaries in comparison to 

non-STEM careers. And on average, STEM salaries were $77,400/yr, while non-

STEM salaries were $46,900/yr (Pew Research Center, 2021b).  This shows the high 

demand for universities to produce more STEM graduates for the expanding job 

market.  STEM degrees awarded have also outpaced the number of overall degrees 

awarded.  Since 2010, the number of STEM degrees awarded has grown by 62% (Pew 

Research Center, 2021b).  While there are still far fewer STEM degrees awarded 

yearly in relation to all degrees, this is a dramatic uptick indicating the markets’ need 

for highly educated and motivated individuals to fulfill the positions. 

To fulfill the demand of this growing STEM workforce the United States will 

need to motivate adolescents about the careers that are ahead and inform the local and 

state educational agencies on how they can prepare this rising workforce.  In a means 

of promoting equity and inclusion within the job force, understanding factors 
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correlated to increasing the number of young students of color that pursue STEM 

majors following high school graduation is essential. 

In the past 20 years, African Americans have created a space within the field of 

STEM.  African Americans have shown an upward trend of degrees awarded and a 

decrease in the number of adults without a high school diploma or equivalent; yet the 

Black STEM workforce has remained the same (9% of the STEM workforce, while 

the percentage of all employed adults is 11%) (Pew Research Center, 2021a, 2021b).  

And while the median Black-led household income has not shown significant changes 

(in 2000 it was $43,581 and in 2019 it was $44,000), the wealth distribution has 

improved since the beginning of the millennia (see Figure 1.1).  This wealth 

distribution correlates to the educational attainments African Americans have made 

during this time.  In 2017-2018, among the Black population, Black women exceeded 

Black men in attaining STEM degree where 62% earned a bachelor’s, 68% earned a 

master’s degree, and 65% earned a research or professional doctorate (Pew Research 

Center, 2021b).  This data recognizes the resilient effort Black women are giving to 

attain higher education, and yet they make less than most others within the field.  

While the average salary within STEM was more than $77,000/yr, Pew Research 

Center (2021b) reported Black women in the STEM field made on average $57,000/yr 

and Black men made $69,200/yr.  This shows the racial and gender pay gap that exists 

within this field.  And it is worth noting, in the fresh field of artificial intelligence, 

Black Ph.D. graduates represented just 2.4% which raises discourse about biases (e.g. 

racial and gender) that can and will infiltrate AI algorithms due to the lack of diversity 
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and inclusion influencing future technological advances (Pew Research Center, 

2021b). 

To meet the market’s need for an equitable STEM workforce, educators, 

researchers, and various stakeholders must realize what is working during the high 

school years to effectively meet the demand.  Our knowledge about African American 

STEM majors is reliant on general searches about higher education, out-of-school 

programming, male-centered studies, and qualitative analysis (Berry III, and Thunder, 

2012; Berry, and Thunder, 2015; Harper, 2010, 2012).  This leaves a gap that could be 

filled with misconceptions or stereotypes.  Therefore, this is an opportunity to learn 

about the psychological development of African American youth and the factors that 

influence their continued growth into rigorous fields like STEM. 

 

Figure 1.1 Black household income in 2019 and 2000. 

Source: 2019 American Community Survey as calculated by Pew Research Center 

(2021a) 
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1.2 Problem Statement 

What is clear is there is a growing market that will need to be filled; however, 

the question remains how.  To prepare the next generation of African American STEM 

majors, educational research must look at the factors that support their success such as 

mathematics (Berry III & Thunder, 2012; Thunder & Berry III, 2015).  Educators will 

need to do more than worksheets and handouts to encourage this generation.  Studies 

show that students of color benefit from social influences (Lawner, et al., 2019); 

however, studies have not investigated their school climate and its influences on 

personal and behavioral factors.  According to Bandura (1986), human learning is 

triadic causation between environment, behavior, and personality; and according to 

Eriksonian theory of human development and Nigrescence theory, youth (specifically 

African Americans) are experiencing changes in their identity as they discover the self 

(Erikson, 1968; Owens, 1991).  Personality theorists approach this conflict of selves 

through an omnibus test that target traits and characteristics (e.g. self-beliefs, identity), 

and the accuracy of these test is advanced by the analysis of interactive processes 

(Bandura, 1986).  It is through such analysis that researchers gain explanatory and 

predictive power.  This study will investigate personal factors like mathematical 

identity and mathematical efficacy to examine how social influences of one’s school 

environment can predict behavioral factors like math proficiency for African 

American high school youth that pursue STEM majors following graduation. 
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1.3 Purpose of the Study 

The purpose of this study is two-fold.  First, according to Bandura’s (1986) 

theory of triadic causation, there is a reciprocal relationship amongst an individual’s 

personality, behavior, and environment.  Implementing this theory, I will compare the 

interactive relationship of a set of factors associated with personal (e.g. mathematics 

identity, mathematics self-efficacy), behavioral (algebraic proficiency, math credits 

earned), and environmental (belonging, school engagement).  Each canonical set of 

variables are defined by this criteria: personal factors are those that deal with what one 

believes and personality traits; behavioral factors are those that are the actions that are 

taken (and may be induced by reward or punishment); and environmental factors are 

the physical and social influences that an individual interacts with (Bandura, 1986; 

Cherry, 2021). 

The second purpose of this study is to examine the relationships between 

variables such as mathematical identity, mathematical self-efficacy, school belonging, 

school climate engagement, math credits earned, and algebraic proficiency in a means 

of understanding their reciprocal interactions to a dependent synthetic variable (e.g. 

personal, behavioral, and environmental).  While reciprocality does not indicate a 

simultaneous influence (Bandura, 1983; Philips & Orton 1983), it does shed insight 

into the interactions of social, behavioral, and cognitive operations.  Using the High 

School Longitudinal Survey of 2009 (HSLS:09) as the data set, I have selected my 

participants as African American high school students that pursue STEM majors 

following graduation, and I will perform canonical correlation analysis (CCA).  The 

study implements a quantitative analysis through an anti-deficit lens to critically 
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examine the psychological (personal and behavioral) and environmental influences 

that impact future African American STEM majors. 

1.4 Research Questions 

The following research questions will be addressed in this study: 

a) What are the influences of Personal factors on Behavioral outcomes of African 

American students? 

b) What are the influences of Environmental factors on Personal outcomes of 

African American students?) 

c) What are the influences of Environmental factors on Behavioral outcomes of 

African American students? 

d) What canonical variables (e.g. mathematical efficacy, mathematical identity, 

math credits earned, etc.) are necessary to understand the association between 

the sets of variables? 

e) What is the best fit model for mathematical efficacy, mathematical identity, 

and algebraic proficiency? 

1.5 Delimitations and Limitations 

Due to the extent of my studies about critical perspectives and anti-deficit 

lensing, there will be no comparisons of the participants to mainstream participants 

(i.e. white males).  The propensity of such participants can be found in other studies 

(Fan, and Ritz, 2014), however discussions of such would do no justice to the overall 

results of this study.  Also, the framework of the study was chosen due to its 
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universality, however other theories had to be implemented to address limitations (i.e. 

investigation of Erikson’s human development led to associations of Black identity 

correlates of self-hatred and self-rejections concepts which perpetuated racist 

ideology, this will be discussed in Chapter 2).  As stated earlier, I have also selected a 

quantitative approach to increase the knowledge about the topic and offer prior 

knowledge for future researchers to implement.  Research should be replicable, so I 

am attempting to create a methodological framework that is not only replicable but can 

be adjusted for other studies pertaining to students of color.  This way the information 

and knowledge of such groups are expanded.  I am also not addressing questions about 

peer and teacher relationships because I want to offer solutions stakeholders can 

address through policy decisions.  And to maintain parsimony within the model, this 

study will not explore factors associated with science (i.e. science identity, science 

efficacy, science proficiency).  While this data may be informative, the studies I have 

viewed have found significance in using mathematics amongst African American 

students. 

Because I have selected such a unique group of participants it has also limited 

the number of points within the data set; however, studies indicate the effect size of 

this sample is sufficient for CCA (Dattalo, 2014; Barcikowski & Stevens, 1975).  I 

was also unable to implement HSLS weights to make inferences about the national 

representation of this sub-group, but there is still information that can be gleaned 

about the participants that partook in the survey that is noteworthy.  While there will 

be a discussion about identity development, this study does not address the causes for 
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its development.  Also, the questionnaires within HSLS:09 do not address racial 

identities so there is no means to assess how racial identity influences interactions.  

From the literature review, I was able to recognize social environments are beneficial 

to the development of identity and self-beliefs; yet, there is no way to gauge how so.  

Therefore, this study is limited in its ability to associate students sense of identity to 

Black and can only acknowledge that the participants recognize themselves as Black.  

I have also stated that I will not be assessing peer and teacher social factors in order to 

discuss policy; however, the survey is limited in that it does not have a composite 

score (like the others) that directly addresses these items. 

1.6 Definition of Key Terms 

Here is a list of terms that will come in useful in further chapters. 

Behavioral factors: synthetic variables associated with the actions that are taken (and 

may be induced by reward or punishment). 

Canonical Correlation Analysis (CCA):  a statistical approach that assesses the 

multivariate relationship between two sets of latent variables.  This is a generalization 

of multiple regression where a set of variables are simultaneously related to another 

set of variables. 

Canonical function coefficient (coef):  the standardized weight applied to a canonical 

variable to calculate the measure on the synthetic variables. 

Canonical variable:  the independent predictor or criterion variable which makes up a 

canonical set. 
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Canonical Weight:  is the standardized coefficient that tells the importance of each 

canonical variable. 

Canonical communality coefficient (h2): the sum of the squared structural coefficients 

across all the functions that are accounted for in the analysis. It represents the 

proportion of variance in each canonical variable that is explained by the functions 

that are incorporated in the analysis. 

Canonical function: (also abbreviated as “function”)the set of weights associated with 

the number of canonical coefficients calculated by the CCA. 

Effect size:  the measure of the effect or relationship of the variance-accounted-for (r2 

and rc
2) in all models. 

Eigen value: represents the proportion of the variance in the canonical variable. 

Environmental factors: synthetic variables associated with the physical and social 

influences that an individual interacts with. 

Personal factors: synthetic variables associated with what one believes and personality 

traits. 

Squared structure coefficient (rs
2): is the square of the canonical structure coefficients 

and represents the proportion of variance an canonical variable shares with its 

synthetic variable that was generated by its set. 

Structure coefficient: (also known as the canonical loading, rs) the Pearson product-

moment correlation between the given canonical variable and the synthetic variable. 
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Synthetic variable: (similar to the latent variable in multivariate analysis) an 

unobserved variable that manifests itself due to a set of two or more canonical 

variables.  Also recognized as the canonical set. 

Weight: the multiplicative constants applied to the coefficients to yield values on the 

synthetic variables. 

Wilk’s Lambda: significance test to assess the goodness of fit between the canonical 

correlation.  This is also known as the likelihood ratio test. 

1.7 Significance of the Study 

By investigating the psychology of African American youth that have chosen 

to pursue STEM majors following high school, this study addresses the interactions of 

personal, behavioral, and environmental factors that are associated with the successful 

matriculation into STEM fields following graduation.  By investigating this group of 

students, local and state policies can be enacted to assist practitioners prepare students 

to fulfill the job market that is ahead.  Implementing theories like social cognitive 

theory, Eriksonian human development, and Cross’s Nigrescence theory as theoretical 

underpinnings offer insight into the development of African American youths’ identity 

and efficacy-beliefs, and more specifically how schools can cultivate positive 

mathematical identities, mathematical self-efficacy, and improve algebraic 

proficiency. 

This study is also significant because it tests the triadic relationship theorized 

by Bandura (1986).  Various studies I have viewed investigated mathematical identity 

development and mathematical efficacy with bidirectional interactions with the 
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environment or behavior (e.g. algebraic proficiency), but not simultaneously 

(Alexander, 2015; Bibbs, 2019; Young, et al., 2020).  By implementing this theory, it 

is my hope to bring to power more knowledge about the interactions of environmental, 

personal, and behavioral factors for African American youth.  And, as stated earlier, 

the information pertaining to African Americans and STEM education was primarily 

on higher education, out-of-school programs, male-centered studies, and qualitative 

analysis.  This study is intended to add quantitative information about this topic.  With 

education research growing in data, this study shows the necessity to use quantitative 

skills to bring power to voices from under-represented groups and transform the 

environments in which they commune.  Understanding what works for successful 

transitions to higher education can better equip programs, schools, and communities. 

Lastly, this study can verify the results from studies by Alexander (2015), and 

Young et al. (2020) that indicate a deterministic effect amongst personal, 

environmental, and behavioral factors.  This study adopts some of their approaches; 

however, I have combined their ideas to fit a triadic causation model.  By replicating 

aspects of their research, it validates their studies and expands the mathematical 

education and STEM education research fields. 

1.8 Summary 

This chapter has covered a current backdrop of the demographics of African 

Americans in the STEM field.  It also discusses the dearth of information associated 

with African Americans and STEM and how this study intends to expand the 

knowledge using a quantitative approach.  Chapter 2 will discuss the literature review 
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in which a brief historical background of the educational system in America from 

informal to formal settings, and Supreme Court cases.  It will also address how 

reciprocal determinism is implemented as the theoretical framework followed by 

supporting theories related to the factors within the study to address the research 

questions.  Chapter 3 will discuss the methodology of the study and its design.  

Chapter 4 will cover the results gathered from the study.  And Chapter 5 will discuss 

the implications and future works that can evolve from such a study. 
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CHAPTER II 

LITERATURE REVIEW 

Within this chapter, I will cover the historical content of African American’s 

influence within the educational agencies throughout the United States.  This is a brief 

discussion that covers topics from the past 400 years, and is relevant to describe how 

factors like endemic racism have permeated the walls of academe and possibly 

distorted knowledge about the USA’s minoritized groups (most specifically African 

Americans).  I will then discuss the theoretical framework that is guiding this study 

and the underpinning theories that assist in structuring the hypotheses.  While the 

framework is based on Bandura’s (1986) triadic reciprocation, various studies just 

implement a bidirectional approach to understanding learning and development 

(Alexander, 2015; Bibbs, 2019; Young et al., 2021).  The role of math education and 

STEM will be addressed.  Also, there will be a discussion about the variables that will 

be assessed within this study.  For instance, identity development from Clark and 

Clark (1947, 1950), Clark (1988), Erikson (1950, 1968), and Cross (1991) will be 

addressed to understand the context of identity.  I will also address how the anti-deficit 

achievement perspective (Harper, 2010) was implemented in conjunction with the 

overall framework.  And at the end of the chapter, the hypotheses will be laid out, 

followed by further chapters discussion. 
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2.1 Historicity of Education in the United States 

Black1 in America2 

Traditionally a universalist, as in: “Mama, why are we brown, pink, and yellow, and 

our cousins are white, beige, and black?” Ans. “Well, you know the colored race is 

just like a flower garden, with every color flower represented.”   

Traditionally capable, as in: “Mama, I’m walking to Canada and I’m taking you and 

a bunch of other slaves with me.” Reply: “It wouldn’t be the first time.” 

- Excerpt from In Search of Our Mothers’ Garden: Womanist Prose by Alice Walker  

In a recent Pew Research Center report (2021a), in 2019 over 46 million 

people in the United States self-identified as Black American.  From this garden are 

unique and complex individuals with an array of personalities, behaviors, and beliefs 

that shape environments, communities, and societies.   What does it mean to be Black1 

in America2?  Within this group are intersections defined and molded by such patterns 

as diaspora and migration, enslavement and immigration, religion, languages and 

dialects, locations, history, song, and dance.  And for over four centuries this group of 

people has self-identified or been labeled by many different names.  For instance, in 

1790 the first US census report solicited inquiries from each household from the 

original 13 states and 4 districts.  Of those inquiries was to identify who was a free 

person and slave (U.S. Census Bureau, 2021).  Black America has defined and 

redefined themselves under a gamut of titles: Negro, Freedmen, Colored, Black, 

African American, and Pan-African.  And yet, Black is to American, as purple is to 

lavender. 

Within the last two decades, the Pew Research Center reported the number of 

people that self-identify as Black-alone has decreased to 87%, and multiracial and 

Black Hispanic has increased to 8% and 5%, respectively.  And those that identify as 

immigrants have increased to 10% where most originate from Africa (46%) and the 
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Caribbean (42%), and the duration comes from Central and South America (12%) 

(Pew Research Center, 2021a).  While the average age median for Blacks is 32, the 

average age median within the population shows the median age for Black-alone is 35, 

multiracial is 16, and Black Hispanic is 22.  These statistics indicate the diversity of 

African American’s and it is a younger generation that is especially making the 

changes to the culture embracing their multi-faceted heritage.  Where past 

discriminatory ideologies like “Mama’s-Baby-But-Daddy’s-Maybe” would associate 

children’s ethnicity to their mother’s lineage; or even racially charged policies like the 

“One Drop Rule” would classify individual’s as Black if they could associate an 

ancestor to Africa (One Drop Rule, 2021).  It is during this adolescent and early 

adulthood phase that identity and self-beliefs are challenged; this will be discussed in 

further detail later in this chapter. 

According to Bandura (1986) our belief systems “provide structure, and 

purpose of life” (p. 36); and as early as infancy, personality patterns are pretty well set 

(Freud, 1948).  According to Clark and Clark (1947, 1950), the behavior, personality, 

and beliefs of Black children can vary due to geographic location.  Over half the Black 

population in the USA live in the South (56%) followed by the Northeast and Midwest 

(17%), then the West (10%) (Pew Research Center, 2021b).  And in less than two 

decades these dynamics have been shifting where the South has increased by 6% while 

the Northeast and Midwest have decreased by 1% and 2%, respectively.  The West has 

remained the same.  This is interesting because it is in retrospect to the historical 

migration patterns of Black people during the19th and 20th century to the Northeast and 

Midwest for opportunities like work and civil liberties (e.g. following the Civil War 
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and the Great Migration period).  Interestingly, the top 5 states with the largest Black 

population have remained the same since 2000, however they have shifted places over 

time.  In 2019, Texas took first place with the largest Black population (3.9 M), 

followed by Florida (3.8 M), Georgia (3.6 M), New York (3.4 M), and California (2.8 

M).  And looking at metropolitan demographics, the New York City metropolitan area 

has the largest Black population (3.8 M), followed by the Atlanta metropolitan area 

(2.2 M), D.C metropolitan area (1.7 M), Chicago metropolitan area (1.7 M), and 

Philadelphia metropolitan area (1.4 M) (Pew Research Center, 2021b; see Figure 2.1).  

Figure 2.1 shows the vast reach of African Americans throughout the United States, 

and as Langston Hughes professed Black folks are everywhere (Hughes, 1934).  When 

studying the African American experience, it is necessary to understand the 

environment in which they reside (Clark & Clark, 1947). 
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Figure 2.1: U.S. map of African American residency in 2019. 

SOURCE: This data was retrieved from Pew Research Center (2021b) and created 

with mapchart.net. 

 

The heterogeneity of African Americans tells a story of survival and success, 

tribulations and triumph, red tape and resilience, vigilance and victory.  It is a 

patchwork of people that have cultivated a culture in a society in which labor was 

respected yet humanity degraded (Du Bois, 1965, p. 18).  Culture is the “learned and 

shared standards for thinking, feeling and acting” (Erikson, 1986, p. 117 cited by 

Howard, 2010, p. ).  Social scientists would also describe it as a group’s means of 

surviving and thriving in their environment, and a means of understanding their reality 

(Howard, 2010).  Quinn (1992, p. 198) best defines it as “the sum total of what’s 

passed along [from generation to generation] …. [It is] beliefs, assumptions, theories, 
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customs, legends, songs, stories, dances, jokes, superstitions, prejudices, tastes, 

attitudes. Everything” (Damen, 1987; Kroeber & Kluckhohn, 1952; Parham, 2002; 

Parsons, 1949).  And within different environments, it differentiates.  For instance, the 

culture in a school setting may not be the same as one’s home or workplace due to the 

people that interact and share this space.  It is also worth stating that culture, race, and 

ethnicity are not the same.  Howard (2010) defines race as a social construct based 

primarily on phenotype, ethnicity is usually tied to a group’s ancestral homeland or 

place of origin, and culture as a concept that shapes learning in unique and 

meaningful ways (p. 53).  With these definitions culture is not constricted to one’s race 

or ethnicity but is formed by a multitude of factors such as geography, family, history, 

nationality, language, religious affiliation, and major influences of cultural 

development.  To understand how to institute culturally relevant content in education 

(e.g. science, technology, engineering, math) that is relatable to the African American 

experience, it is paramount to learn about the culture. 

African American’s and American Education 

No one country, nation, or society is the sole proprietor of education.  As stated 

earlier, culture is a means of disseminating knowledge for the survival of life; each 

group of people creates knowledge as well as disseminates it in such a manner for 

others to glean.  From hunter-gather to agriculturalists, nomads or permanent dwellers, 

knowledge is accumulated and then shared for the propitiousness of the group.  While 

there is historical knowledge of societies that established formal education prior to 

European pre-colonialism, this study is focused on the educational system within the 

United States (Kelly, 1999; Riaz, 2012).  African Americans have contributed to the 
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knowledge and culture of the U.S. since landing in the Americas.  However, to 

develop and sustain wealth from a working class, America adopted a European 

colonial ideology in which education was limited and used to indoctrinate obedience 

and servility to maintain the order of the working class (Du Bois, 1965).  This was 

intended for both white and Black people, freed and enslaved.  To maintain the story 

that someone was unfit to self-govern, Europe and North America had to create a 

narrative that rationalized the enslavement and subordination of a group of people.  Du 

Bois (1965) writes: 

To prove the unfitness of most human beings for self-rule and self-expression, 

every device of science was used: evolution was made to prove that Negroes 

and Asiatics were less developed human beings than whites; history was so 

written as to make all civilization the development of white people; economics 

was so taught as to make all wealth due mainly to the technical 

accomplishment of white folks supplemented only by the brute toil of colored 

people; brain weights and intelligence tests were used and distorted to prove 

the superiority of white folk.  The result was complete domination of the world 

by Europe and North America and a culmination and tempo of civilization 

singularly satisfactory to the majority of writers and thinkers at the beginning 

of the twentieth century (p. 37) 

The sciences, like psychology, were used to justify the subjugation of people.  

By law enslaved people were prohibited to attain formal education, and because 

slavery was intended to create a cheap working class for an agrarian and artisan 

society, so much of what was learned was industrial ideals of docility and 
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subordination indoctrinated through Christian practices (Woodson, 1919).  Black folks 

that did learn to read and write English were considered unfit for the South and 

“branded as objects of suspicion” by authorities (Woodson, 1919, p. 7).  The early 

nineteenth century brought many Black freedmen to the northeast where they 

established communities with churches, businesses, and formal primary education; and 

by the mid-nineteenth century, these communities established higher education for 

Black students.  First, industrial institutions were established to build a Black working 

class, and over time liberal arts were incorporated (Woodson, 1919).   

Du Bois (1903), Fanon (1967), Baldwin (Balfour, 1998), Brannon, Markus, 

and Taylor (2015) iterate to be Black in America is to have a double conscious: one 

aspect that is Black, and the other that is American.  With that theory, Du Bois (1935) 

argued about the institution of segregation and integration in Does the Negro Need 

Separate Schools? where he states, “the proper education of any people includes 

sympathetic touch between teacher and pupil; knowledge on the part of the teacher, 

not simply of the individual taught, but of [their] surroundings and background, and 

the history of [their] class and group; such contact between pupils, and teachers and 

pupil, on the basis of perfect social equality, as will increase this sympathy and 

knowledge; facilities for education in equipment and housing, and the promotion of 

such extra-curricular activities as will tend to induct the child into life” (p. 328).  This 

Hegelian dialectic was intended to argue for quality education where the student is 

nurtured and promoted based on merit.  Due to the racial practices within education, 

Du Bois was disturbed by the level of government support and funding that Black 

schools received due to segregation; yet he could not see Black students receiving 
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adequate attention from white institutions.  While integration would offer the 

resources necessary for a “quality” education, Black students still needed an 

environment that was conducive to developing a sense of self.  What was needed was 

neither a separate nor mixed school; what Black children needed was an education.  

Later, in Du Bois’ essay AD 2150, he would lay out a vision of an educational system 

that was free of discrimination, color-lines, and inequity; this would be the inspiration 

for activist like Dr. Martin Luther King, Jr and idealism for such cases as Brown v. 

Board of Education, Topeka (Du Bois, 1950; Aldridge, 2015). 

Education and the United States Supreme Court 

The Supreme Court cases Plessy v. Ferguson (1896) and Brown v. Board of 

Education (1954) are landmark decisions that solidified and transformed common 

social practices in the United States (Plessy vs. Ferguson, 1896).  In 1896, Plessy set 

the legal precedence and commitment to racially segregated public schools declaring 

the edict separate but equal.  However, Black public schools still remained unequal in 

that they were always underfunded, over-populated, and secondary to other public 

schools (Lechentenberger, 2010).  It was not until the Brown decision of 1954 which 

abolished racial segregation in public schools.  Although this case only desegregated 

public schools, it is pivotal in dismantling Jim Crow segregation throughout the 

nation.  From here, the Civil Rights Movement and various other movements would 

usher in the abolishment of segregation in public areas across America. 

During the Brown case the Board of Education argued because segregation existed in 

society “segregated schools simply prepared Black children for the segregation they 

would face throughout their lifetime” (Lechentenberger, 2010, p. 170).  This argument 
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acknowledges the influence of a person’s environment upon their development 

(Bandura, 1986), and the role of a hidden curriculum installed in public schools that 

not only shaped and molded society, but vice-versa (Anyon, 1980).  The National 

Association for the Advancement of Colored People (NAACP, which filed the suit for 

Brown) argued separate schools did not mean there was equal academic programming.  

In fact, separate schools only perpetuated the hegemonic ideals of racial inferiority.  

During this case, the work of Clark and Clark (1950) was included in Brown’s 

argument stating the psychological effects of segregation invoked on Black and white 

children was detrimental to children’s development.  On May 17, 1954, the Supreme 

Court reached a unanimous decision that segregated public schools impinged on a 

Black person’s 14th Amendment and was unconstitutional and noted psychologist 

Mamie and Kenneth Clark’s research in the final remarks (Clark, 1988).  While Chief 

Justice Earl Warren ordered public schools to desegregate “with all deliberate speed;” 

it was met with a deliberate delay by Southern states, and by 1963 (nine years 

following the decision), approximately 9% of southern Black students were enrolled in 

desegregated schools (King Jr., 1964, p. 18).  Now, as the country was entering an age 

of technological breakthroughs and STEM education, predominantly Black schools 

did not receive the same opportunities such as funding and curriculum. 

STEM Education 

The US has had various educational reforms such as the Morrill Acts of 1862 

and 1890 and the establishment of the Department of Education in 1867 (Bybee, 2010; 

Jolly, 2009; The federal role in education, 2021).  However, the Sputnik crisis has 

come to symbolize the improvement of US STEM education, specifically in science 
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and mathematics.  Following the USSR’s Sputnik orbiting satellite, the public’s 

opinion of federal support to local schools adjusted in such a way that Congress 

passed the National Defense Education Act (NDEA) of 1958.  According to Bybee 

(2013) “NDEA provided more on federal funding for defense-oriented personnel and 

student loans” as well as state-level programs (p. 15).  This reformation brought 

changes to science and mathematics curriculum such as conceptual fundamentals and 

research procedures.  The Sputnik crisis funneled a massive amount of time, talent, 

and money like never-before expanding educational knowledge and technological 

development (Gross and Murphy, 1964).  However, educational systems are affected 

by the dominant political views of the time.  The 1950’s conservative agenda 

(influenced by McCarthyism and the Cold War) led to the NDEA, and the 1960’s 

progressive movement (orchestrated by the Civil Rights Movement and Vietnam 

Conflict) would lead to the Elementary and Secondary Education Act (ESEA) of 1965 

which impacts generations. 

If the NDEA’s primary focus was excellence for “gifted” students and a drive 

toward STEM careers, then ESEA’s focus was policies and programs that supported 

disadvantaged students.  Following the assassination of President Kennedy, ESEA was 

signed into law by President Lyndon B. Johnson and became the most extensive 

legislation on education (ESEA, 2019).  Its main purpose was to assist the 

disadvantaged youth of America and now supports schools all around the USA 

through federal funding that is allocated to state and local educational agencies.  Since 

its inception, ESEA has promoted equity and educational opportunities and has gone 

through numerous changes by different Administrations.  Whether it is standard-based 
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reform by the Bush Sr. Administration, Improving America’s Schools Act by the 

Clinton Administration, No Child Left Behind Act by the Bush Jr Administration, or 

Every Student Succeeds Act by the Obama Administration, the Federal government 

has reauthorized ESEA to ensure education is continuously supporting each generation 

of students (ESEA, 2019; Hanna, 2015; Hunt Institute, 2016; The federal role in 

education, 2021). 

2.2 Theoretical Framework 

Triadic Reciprocal Determinism 

Determinism mans “the production of effects by certain factors, rather than the 

doctrinal sense of actions being completely determined by prior sequence of causes 

operating independently of the individual” (Bandura, 1986, p. 24).  This definition 

views behavior, cognition, and environmental influences as both independent and 

interdependent.  Many factors create a given effect, however the same factors blended 

differently can produce a different effect; therefore, factors have a probabilistic 

association to an effect and not a definitive result.  Also, reciprocality does not 

associate each effect as being equal in strength but rather that they vary due to 

activities, individuals, and circumstances (Schunk, Meece, & Pintrich, 2014). 

The reciprocality of person and environment is influential in ones affect where 

thoughts and feelings are adjusted due to modeling, education, and social influences 

(Bandura, 1977; Rosenthal & Zimmerman, 1978; Zimbardo et al., 1977).  One’s 

characteristics (e.g. social status, age, gender, race, ethnicity, appearance) can 

influence the environment one is in where responses (i.e. foreactive or reactive) and 

judgments are made well before something is said or done.  These responses have a 
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reciprocal effect upon how the individual views themselves and others that can either 

strengthen or diminish the environmental bias.  This is in turn what Cross (1995) 

expounds on in his Nigrescence model.  The environment reacts to the individual, and 

in turn, the individual must process mechanisms (i.e. negotiate, navigate, resist, or 

submit) that create balance and harmony with the system.  Much like thermodynamics, 

this is in effect a means of reducing chaos for order.  The bidirectional determinism of 

an individual and its environment cannot be overlooked in the success (or failure) of 

the individual.  Numerous studies outline the effects of endemic racism (Bibbs, 2019; 

Clark, 1988; Clark & Clark, 1947); however, “people create [social] environments and 

set them in motion as well as rebut them”(Bandura, 1986, p. 22).  And as King (1964) 

states injustice is “like a boil that can never be cured so long as it is covered up but 

must be opened with all its ugliness to the natural medicines of air and light” (p. 85).  

It requires human responses to make appropriate changes to shift environments in 

which children can learn more productively.  As the defendants argued in the Brown 

case, schools’ intentions are to prepare children for the conditions they would face in 

society, therefore policies should enact social improvements that are beneficial to 

society.   As Bandura (1986) states, “The human condition is better improved by 

altering detrimental circumstances and personal perspectives than by trying to alter 

person outlooks while ignoring the very circumstances that serve to nourish them” (p. 

23).  While this dissertation does not address the influences of racism due to how the 

data and survey were designed; racism (whether overt or subtle) is behavioral and 

systemic which can be encouraged or discouraged by the community and greater 

society. 
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This dissertation assesses a subsample of operational factors that are in tandem 

to a students’ path toward STEM enrollment in higher education.  The factors are 

partitioned into three categories (e.g. behavioral, personal, and environmental) to 

examine how such factors interact in concert as well as predictively.  Observing 

bidirectional relationships of behavioral-to-environmental, personal-to-behavioral, and 

personal-to-environmental is useful in understanding the subsystems’ effect on the 

system, allowing disaggregate to shed light on the aggregate. Analysis of determinism 

in respect to triadic reciprocality “clarifies how people are influenced by, and are 

influencers of, their environment” (Bandura, 1986, p. 30).  Therefore, the knowledge 

of the cognitive and behavioral competencies does not share a complete understanding 

of life paths people pursue.  Researchers such as Freud (1948), Piaget, and Inhelder 

(1969) postulate childhood socialization and personality are determinants of life paths 

and journeys.  Whether continuous or invariant, fast-tracked or delayed, a succession 

of stages leads to a pretty well-defined, pre-ordained path.  And in the immortal words 

of Socrates education is not the filling of a vessel, but the kindling of a flame;  

therefore, students do not come as empty vessels but with prior knowledge and tools 

due to culture, society, and communities (Yosso, 2010).  Recall that factors’ 

independence and interdependence mean they can produce different effects according 

to strength and blending, therefore determinism is probabilistic at most.  So, youth 

who do well in mathematics are likely to pursue STEM fields (Fitzallen, 2015).  One 

can always find links to childhood behavior and that of adulthood endeavors.  To 

foster the continuation of behavioral traits (i.e. one’s life paths), Bandura (1986) states 

there are two psychological processes: 
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1. The selection of environment(s) 

2. The production of environment(s) 

As people develop preferences, they tend to find others that share those interests and 

values which reinforce these behaviors (Bandura & Walters, 1959; Bullock & Merrill, 

1980; Elkin & Westley, 1955).  While social, technological, and life experiences 

change, people tend to remain the same and adapt to suit their customary behavior (or 

at least those that fulfill their core characteristics).  Whether it is personal or global, 

people adjust according to the environmental climate and setting.  If certain behaviors 

are encouraged and a person exhibits them, then they are more likely to continue such 

behavior because it is congruent to not just their beliefs but their environment’s 

expectations.  Later the Nigresence model will be discussed in which a Black person’s 

identity faces an incongruency, and so the identity adapts in such a way to see to the 

person’s success at all cost (Cross, 1991; Owens, 1995). 

Triadic Reciprocal Determinism Framework 

So far, triadic reciprocality has been discussed and how a person’s behavioral 

and personal characteristics interact with their environment.  It is through these 

influences that researchers can examine how childhood characteristics can propagate 

into career paths.  To assess how African American students’ environment is 

interacting with human traits, I have designed this study to determine the effects of six 

factors associated with the personal, behavioral, and environmental constructs.  Figure 

2.2 is the diagram in which the personal, behavioral, and environmental latent factors 

interact, and the measured variables (math self-efficacy, math identity, school 

belonging, school climate, algebraic proficiency, and math credits earned) are set 
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within.  The duration of this chapter will discuss the current studies that support these 

factors for African American’s matriculation into STEM fields and the hypotheses that 

arise as solutions to this dissertation’s research questions. 

 

Figure 2.2: Triadic determinism framework  

Behavioral Factors: Math Education and STEM 

It is common to find studies that taut the successful learning opportunities of 

STEM education to mathematics (Alfieri, Higashi, Shoop, & Schunn, 2015; Hefty, 

2015; Magiera, 2013; Smith et al., 2013); however, the underpinning of STEM 

disciplines is mathematics and yet its reciprocal influences are rarely recognized 

(Fitzallen, 2015).  In fact, in most activities, it appears as though mathematics is 

“incidental” to the learning process, when in actuality, it is pivotal to the process.  

According to a meta-analysis by Mustafa et al. (2015), studies show project-based 

learning has become the “go-to” strategy for STEM education validating the necessity 
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to learn and understand mathematics (e.g. Tseng et al., 2012; Larmer, 2015; Goh 

Muhamad, 2014; Wang et al., 2011).  For instance, Alfieri et al (2015) conducted a 

study in which students were given a robotics activity where they calculated the rate of 

rotation of an underwater vehicle to go a certain distance in a robotics game in which 

the underlying lesson was the math concept of proportionality.  Here STEM context is 

used to motivate students to implement math concepts and procedures to an applicable 

activity (Alfieri et al., 2015; Fitzallen, 2015).  In Baron’s (2015) study, students were 

asked to project the sale of muffins (i.e. industrial engineering) which incorporated 

quadratic equations; and Magiera (2013) designed an activity to examine the denting 

strength of an aluminum bat using mathematic concepts to assist in the outcomes of 

the results. 

Another study by Silk et al. (2010) found by making subtle changes to lesson 

design, educators can make substantial differences in what students will do and learn.  

Students were asked to make a dancing routine with a range of robotics of different 

sizes and moves – the caveat was for the robotic routine to be in sync.  When students 

were left to their own devices (i.e. inquiry-based learning) they chose a trial-and-error 

strategy to solve the problem.  However, when researchers included a math activity to 

the lesson, students were able to associate the mathematics to the assignment to come 

up with a solution.  These are just a few in-house educational examples that 

incorporate the use of mathematics in STEM that show the symbiotic relationship 

between the concept and field.  By studying mathematics, students’ STEM knowledge 

and application are broadened and incorporated in decision-making.   
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Like the above examples describe, in many instances, mathematics is used as a 

toolbox in which one can learn means of applying the “appropriate” tool to come to a 

solution.  Because the field of mathematics is broad, its knowledge is transferable and 

institutions like the Organisation for Economic Co-operation and Development 

(OECD) are invested in learning the global landscape of mathematical literacy.   

OECD (2018) describes the significance of mathematical literacy as so: 

An understanding of mathematics is central to young person’s preparedness for 

participation in and contribution to modern society.  A growing proportion of 

problems and situations encountered in daily life, including in professional 

contexts, require some level of understanding of mathematics before they can 

be properly understood and addressed.  Mathematics is a critical tool for young 

people as they confront a wide range of issues and challenges in the various 

aspects of their lives (p. 6). 

Those that pursue STEM are going to need to have competency and efficacy within 

the mathematics realm; understanding the degree in which youth associate 

mathematical identity and self-efficacy is meaningful for future STEM development.  

Thunder and Berry (2015) concur there is a need for more qualitative studies of 

mathematics education, and more specifically, topics pertaining to the “mathematical 

experiences of marginalized learners” (p. 334).  Research by Berry and McClain 

(2009), Fries-Britt (2017), and Martin (2012) also purport the necessity for insight 

about culturally relevant mathematical pedagogy.  While there is a need for more 

research studies associated with the role of gender in mathematics (especially for 
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Black females), it is the school environmental aspects affiliated with the overall 

student experience that is central to this study. 

 “Agency is the behavioral aspect of identity focusing on participation and 

performing effectively in context” (Aguirre, Mayfield-Ingram, & Martin, 2013 cited in 

Thunder & Berry, 2015, p. 8).  Therefore, agency is the action of identity, or rather, 

behavioral aspects (i.e. mathematical proficiency) of personal factors (i.e. 

mathematical identity and mathematical self-efficacy).  Someone with a high agency 

is a learner with a “high degree of self-exploration that is associated with a high 

degree of self-direction in determining one’s life course” (Thunder & Berry, 2015, p. 

8; Côté & Schuwartz, 2002).  An example of high agency in mathematics is someone 

who chooses to participate in more math courses – these are learners that pursue a 

deeper knowledge of the mathematical discipline. And according to the National 

Science Board (2012), African Americans that enroll in advanced math courses are 

more likely to have high proficiency, enroll in higher education, and pursue STEM 

majors.  For these reasons, the variables number of math credits and algebraic 

proficiency will be associated as behavioral factors. 

Personal Factors: Mathematical Identity and Self-Efficacy 

While there are connections to mathematics and STEM, researchers and 

educators must remain mindful of the sorting and stratification made by math 

achievements which occur within the field of mathematics (Diversity in Mathematics 

Education, 2007; Gutierrez, 2008; Namukasa, 2004; Sells, 1978; Stinson, 2004).  And 

the current litany of race-comparative articles between students of color and white 
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students only perpetuate the narrative of “racial deficiencies” (Martin & McGee, 2009; 

Myers, Rana, & Harris, 1979).  Martin (2012) defines mathematic identity as  

the dispositions and deeply held beliefs that individuals develop about their 

ability to participate and perform effectively in mathematical contexts and to 

use mathematics to change the conditions of their lives.  It is a negotiated 

identity that encompasses a person’s self-understandings and how others see 

them in the context of doing mathematics (p. 57-58) 

Because it is negotiated, this form of self is situated in concert with the realities of 

being Black where cultural relevance also influences how one makes sense of what is 

learned and why.  Therefore, Martin (2012) views the mathematical learning 

experience as one in which mathematical identity is concomitant with the Black 

identity. 

Identity and the Black Self 

According to the Eriksonian theory of human development, adolescence (ages 

10 – 19) is a transitory phase where the homeostasis of childhood goes through an 

identity conflict that leads to adulthood (Erikson, 1950, 1968).  This psychosocial 

growth is an inner and outer conflict in which essential personalities will persevere 

through each crisis with a better sense of unity within the being.  Here one’s interest is 

the appearance “in the eyes of others as compared with what they feel they are, and 

with the question of how to connect the roles and skills cultivated earlier with the 

occupational prototypes of the day” (Erikson, 1950, p. 228).  The crisis is socially as 

well as internally “to do well.”  During adolescents, Erikson postulates the ego is 
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challenged with identity vs role diffusion, and to develop a “healthy” personality 

(relative to the child’s cognitive and social development) they must: 1) actively master 

[their] environment, 2) show a certain unity of personality, and 3) be able to perceive 

the world and [self] correctly (Erikson, 1968, p. 92).  If a healthy identity is not 

accomplished, one develops doubt, the inability to settle on a thing, uncertainty, and 

even an overidentification to role models.  However, this conflict can be magnified by 

previous doubts - such as ethnicity, race, gender, and sexuality - that were not 

addressed at an earlier age.   

Horowitz (1939) and Clark & Clark (1950) found African American children 

are more aware of their racial differences than white children by an earlier age.  In 

fact, as earlier as 3 years of age, Black children self-identify and acknowledge societal 

pejoratives about Blackness (Clark, 1988; Clark & Clark, 1950).  It is during these 

ages of childhood “that the color of [their] skin or the background of [their] parents 

rather than [their] wish and will to learn are the factors that decide [their] worth as a 

pupil or apprentice” (Erikson, 1968, p. 124).  Erikson calls this a sense of inferiority; 

however, according to Cross’s (1995) Nigrescence model, this is the encounter phase 

where marginalized students undergo an identity awakening. 

The Nigrescence (or Black Racial Identity) model is coined from a French 

word that means “the process of becoming Black.”  This model is comprised of five 

phases: pre-encounter, encounter, immersion-emersion, internalization, and 

internalization-commitment (Owens, 2010, p. 165; Cross, 1991). And while the 

Nigrescence model was originally ideation of the Black adult process of 

resocialization, other researchers have extended it for child development due to the 
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cyclic experiences of racism that can occur in a lifespan (Cross, 1991, 1995; Parham, 

1989; Phinney, 1989, 1992; Oetting & Beauvis, 1991).  Because race is a social 

construct, one does not know race based on intrinsic beliefs, but social environments 

are the greatest asset at solidifying one’s racial identity, and by 6th grade racial 

attitudes are definite and hardly distinguishable to high school students (Clark, 1988).  

Therefore, prior to the encounter phase of Nigrescence, Black children have 

established some sense of identity in which their environment (i.e. familial, social, and 

community) have cultivated (Cross, 1991, 1995).  Yet, an encounter is an event (either 

positive or negative) that can cause an imbalance in the racialized self - it can be 

learning an interesting fact about African American culture that a person did not 

know, or an unexpected racialized comment or occurrence.  This encounter causes an 

imbalance in the aspect of the racial self which causes a dissonance in the unity of the 

whole self (Bandura, 1986).  It is in going through the duration of the Nigrescence 

process that one reclaims unity and the uniqueness of the Black identity can perform 

the everyday functions of: 1) defending the person from negative psychological stress 

resulting from having to live in a society that, at times, can be very racist; 2) 

providing a sense of purpose, meaning, and affiliation; and 3) providing psychological 

mechanisms that facilitate social intercourse with people, cultures, and human 

situations located outside the boundaries of Blackness (Cross, 1995, p. 117).  

Understanding the functions of Black identity can now shed some understanding of 

mathematical identity and self-beliefs of Black students. 

If Black identity serves as a means of self-protection, social anchoring, and 

social bridging, then the Black mathematical identity is one that “includes beliefs 
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about oneself as mathematics learner; perceptions of how others perceive [them] as a 

mathematics learner, beliefs about the nature of mathematics, engagement in 

mathematics, and perceptions of self as a potential participant in mathematics” 

(Thunder & Berry, 2015, p. 6). Here identity is not just intrinsic (psychological) but 

extrinsic (environmental), learners perceive themselves in concert with the internal 

and external.  Martin’s (2012) call, “learning mathematics while Black,” is one for 

researchers to examine mathematical behavior and identity while acknowledging 

Black childhood development (Clark, 1988; Hale, 1986; Martin, 2009b).  Therefore, 

when discussing mathematical identity and its self-beliefs one must take in account the 

experiences Black children are exposed to from their environment.  For instance, when 

Martin (2000) and Nyamekye (2010) asked Black adolescents about motivations for 

learning mathematics it was not uncommon to hear responses pertaining to “not being 

cheated”.  Later studies by Martin & McGee (2009) correlated this “cheated” theme to 

former slave narratives in which they expressed the desire to learn arithmetic so that 

they could not be cheated.  While “learning for learning’s sake” is a growth mindset 

that correlates to intrinsic motivation, “learning to not be cheated” is extrinsic and a 

unique theme found amongst Black adolescents as a motivator to learn mathematics. 

These studies also indicate the effect of environmental factors on personal factors, and 

as Bruhn and Rebach (2007) noted: 

Mesolevel structures have in common the fact that they provide people with 

their everyday experiences…. For example, a public school system within an 

identified district, a school within that system, and Mr. Brown’s third grade 

class could all be characterized as mesolevels.  The school and the class are 
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subject to influences and constraints from the macrolevels, the larger society, 

the state, the state’s educational setup and from the school district itself.  As 

mesolevel structures, the school and the class affect each child - microlevel - in 

Mr. Brown’s class (p. 116 as cited in Martin, 2012, p. 58-59). 

This is an example of the deterministic effect of environmental (e.g. classroom, 

school, and society) on the personal (e.g. mathematical identity and self-beliefs) in 

which each one influences the other.  This also is an example of why the triadic 

determinism framework is useful for this dissertation because the development of each 

of the factors does not occur in an individualized bubble but rather in a dynamic, ever-

changing world where historical and phenotypical contexts are influential to individual 

experiences.  For this study mathematical identity is an individual student’s beliefs of 

their mathematical acumen as well as their perception of others’ beliefs about their 

status as a mathematical person.  And mathematical self-efficacy is the self-referent 

thought in one’s ability to mediate between mathematical knowledge and its action. 

Mathematical Self-Efficacy and Identity 

Of the different self-beliefs (i.e. self-knowledge, self-concepts, etc.) personal 

efficacy (e.g. mathematical self-efficacy) is the most important in day-to-day events 

(Bandura, 1986).  Success is attained through generating processes of behaviors and 

strategies, and testing alternatives in an effort to accomplish some goal or outcome.  

For instance, Collins (1984) studied students that indicated having high or low 

mathematical self-efficacy for two math ability levels.  They were then given 

challenging math problems to solve in which those that regarded themselves as more 

efficacious were willing to solve more problems, discard strategies that were not 
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sufficient, rework problems that they failed, and displayed a more positive demeanor 

about mathematics.  There is a marked difference in possessing skills (i.e. 

mathematics) and the use of them in various predicaments (Bandura, 1986).  

Mathematical self-efficacy is a generative and alternative process that requires 

perseverance, and those with a high level of self-doubt are more likely to abort a task 

if the initial efforts are deficient.  Collins’s (1982) study shows that self-efficacy (in 

general) is partially independent of a set of skills and a significant determinant of 

performance. 

Efficacy and outcome expectations differentiate in that efficacy is the 

judgment that something can be done and the outcome is the judgment of the likely 

consequence is produced (Bandura, 1986; Schunk, Meece, & Pintrich, 2014).  For 

instance, expectations that high performance and taking more math courses lead to 

careers in STEM fields that yields high income do not encourage students to enroll in 

STEM majors following graduation if they have little efficacy in their math ability.  

Studies show that self-efficacy and outcome expectations have a critical role in 

psychological development (Bandura, 1977, 1988); however, not too much literature 

exist about the self-efficacy beliefs of African American youth (Jonson-Reid et al., 

2005) and even less with quantitative methodologies.  Of the quantitative research 

conducted on self-efficacy beliefs of African American youth, Randhawa, Beamer, 

and Lundberg (1993) studied the correlation between mathematics achievement and 

mathematical self-efficacy in this group.  This study found “approximately 45% of the 

variance in mathematics achievement was predicted from the model and mathematics 

self-efficacy had 21.6% variance in common with mathematics attitudes, generating 
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near equal predictive values in the model” (Alexander, 2015, p. 33).  Such findings 

indicated the mediation of mathematic attitudes and achievement via mathematic self-

efficacy, supplying evidence of the usefulness of incorporating quantitative studies in 

respect to gender.  More studies like so would be promising about African American 

students and self-efficacy. 

According to Bandura (1986), actions and outcomes are symbiotic, and 

anticipated outcomes are dependent on a person’s efficacy to perform a given behavior 

in a certain situation.  Therefore, the more experience one gains in such a behavior the 

more efficacious they become which distills into the development of self-concept (or 

identity).  While Bandura uses the term self-concept, Erikson’s definition of identity is 

synonymous to it and that “people organize and structure their self-concepts around 

some domains that others commonly use to make sense of them - their race or 

ethnicity, their gender, their weight, their age, or their academic standing in school“ 

(Oyserman et al., 2012, p. 73).  As people perform tasks like mathematics, they 

become more efficacious, and the more that they do the task - and others recognize 

them for doing it - the more they come to identify with that concept.  The identity is a 

mental concept that is mitigated by efficacy, for a social product, as a force for action.  

Alexander’s (2015) quantitative study of African American youth determined, through 

structural models, mathematical identity was a stable predictive construct that was 

influenced by numerous self-beliefs.  And mathematical self-efficacy has a significant 

effect on identity within grades 9 and 11 but not across; whereas identity had a 

significant relationship within and across (Alexander, 2015).  Mathematical self-

efficacy is not based on a person’s talent or ability, but a person’s judgment of how 
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capable their skills are to accomplish a certain outcome which then feeds into their 

sense of mathematical identity (Alexander, 2015).  Here mathematical self-efficacy 

can be situational adjusting to activity, events, and environment. 

Environmental Factors: School Belonging and School Environment 

Jayakumar, Rican, and Allen (2013) state “a college culture is a set of values, 

norms, beliefs, expectations, and structural support within an organization that 

socializes students toward matriculation to college” (p. 554).  And while culture is a 

culmination of more than just the physical environment (as stated earlier), the 

stakeholders like teachers, counselors, and administrators guide the cultural settings at 

school in which the messages they communicate shape students’ college aspirations.  

As Bandura (1986) states “the environment is not simply a fixed property” but 

“inoperative until it is actualized by appropriate action” (p. 28).  Thus, how people 

behave within the environment is what will be activated.  Social environments, like 

schools, provide a large range of conditions that have a reciprocal effect on behavior – 

and in turn, personality.  For instance, in social transactions, people can bring the best 

(and the worst) of each other through their behavior, and the personal traits that are 

highlighted (or repressed) are governed by the group dynamics.  And yet, studies that 

have examined the educational experiences in schools of African American students 

indicate differential treatment from its stakeholders (Allen, 2010; Ford et al. 2008; 

Jayakumar et al., 2013).  And it could be argued that if individuals produce their 

environment, then why not change it through individual behavior - placing the onus on 

the person and not the school.  Yosso (2005) writes, “Educators most often assume 

that the schools work and that students, parents, and community need to change to 
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conform to this already effective and equitable system,” however “culture influences 

how society is organized, how the school curriculum is developed and how pedagogy 

and policy are implemented” (p. 75). Reciprocal effects are not unidirectional; 

therefore, it takes the individual and group within the social environment to adjust and 

counter-influence the current situational constraints (Bandura, 1986).  While research 

pertaining to school belonging and climate for African American students has mainly 

focused on truancy and dropout rates, the framework for this study links to ideas of 

academic success and climate development (Alexander, 2015; Harper, 2010; Young, 

2020). 

Bourdieu and Passeron’s (1977) theory on how educational systems contribute 

to reproducing social structures through cultural capital is accepted in many 

educational circles (Kinzie, 2007; Yosso, 2005).   This theory separates capital into 

three forms - cultural (i.e. education, language), social (i.e. networks, connections), 

and economic (i.e. money, resources) - where it is acquired by pedigree and/or formal 

education.  However, this lens centers academic success as “white, middle class 

culture… and therefore all other forms and expressions of ‘culture’ are judged in 

comparison to this ‘norm’” (Yosso, 2005, p. 76).  In a means of examining factors that 

influence young Black collegegoers, Jayakumar et al. (2013) implement Yosso’s 

(2005) theory of community capital wealth which “offers a useful lens through which 

to view the experiences of Black youth as they complete their K-12 education and 

enroll in college.  It allows us to think about how “social reproduction can be 

challenged and how students and communities can exert their own agency within 

oppressive structures” (Yosso, 2005, p. 557).  For this study, I will only examine how 
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formal schooling contributes to the success of African American students that pursue 

STEM majors in higher education.  While I will not use community capital wealth as a 

theory to understand how the environmental and psychological factors interact; its 

resourcefulness in examining Black students with anti-deficit lensing is beneficial. 

School belonging is the student’s emotional investment and perception of their 

school that support behaviors that invoke engagement (Goodenow, 1993a, 1993b).  

And school climate is a dimensional perception of the school’s overall environment 

(Perry et al., 2019).  A study has shown an important link between such environmental 

factors and student proficiency (Alexander, 2015).  In a discussion of African 

American middle school males in mathematics, Berry (2008) uncovered numerous 

themes using a critical race and phenomenological framework.  The themes revealed 

various aspects of environmental, psychological, and behavioral events such as: 

positive rapport with caring teachers, previous exposure to rigorous mathematics, 

positive academic and social interactions, and positive self-image toward mathematics 

and school (Alexander, 2015, p. 55).  This study found consistency among the 

participants and their academic paths in which having a sense of connection to the 

school was significant.  Also, Jackson et al. (2021) examined the impacts of school 

climate upon math identity and algebraic proficiency in which their results indicated 

that climate partially mediates the relationships of identity and proficiency.  These 

results supported previous studies about African American males’ academic identity 

and school climate (McMillian et al., 2016; Haycock, 2001).   

Anderman and Anderman (2000) state for the expansion of educational 

psychology, there is a need for research to connect psychological factors with social 
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context like schools.  They point to Goodenow (1992) who argues “an ecologically 

valid psychology of education must include an understanding of the social and 

interpersonal processes that make up the social context of schooling” (Anderman & 

Anderman, 2000, p. 67).  Goodenow (1993a) defines belonging as “students’ sense of 

being accepted, valued, included, and encouraged by others (teachers and peers) in the 

academic classroom setting and of feeling oneself to be an important part of the life 

and activity of the class” (p. 25).  This sense of belonging can transcend the classroom 

and incorporate the school.  Here this definition can then relate to a students’ 

interpersonal perception of their worth at the school.  It is then worth noting that 

belongingness is more subjective while school climate is more subjectively objective. 

It is also worth noticing that evidence indicates that male and females’ 

interpersonal relationships to school is different (Alexander, 2015; Goodenow, 1993a, 

1993b).  For instance, Dweck and Bush (1976) found boys and girls responded to 

classroom evaluations differently where girls were more “reactive” to teacher 

evaluations of their performance and boys were “reactive” to their peer evaluations.  

Here females are more responsive to those with formal authority (i.e. teachers) while 

males are invested in the social hierarchy (i.e. peer-to-peer relationships). 

Uwah, McMahon, and Furlow (2008) studied the connections between African 

American males’ school belonging and self-beliefs and found no significant 

relationship.  However, Alexander (2015) was able to find a significant relationship 

between school belonging and mathematical self-efficacy amongst African American 

adolescents.  And while Uwah et al. (2008) and Goodenow (1992) observed a 

relationship between students’ school belongingness and self-beliefs, Alexander 
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(2015) finds a significant bidirectional link between mathematical self-efficacy and 

school belongingness, yet no significance between algebraic proficiency and school 

belongingness amongst African American students. 

Study Hypotheses 

Based on the comprehensive literature review and the triadic reciprocality 

framework, this set of hypotheses were generated for this study: 

Hypothesis 1: Of the two sets of dimensions (Personal-Behavioral), mathematical 

identity and self-efficacy will account for a substantial amount of the shared variance 

between the two sets. 

Hypothesis 2: Of the two sets of dimensions (Environmental-Personal), mathematical 

identity and self-efficacy will account for a substantial amount of the shared variance 

between the two sets. 

Hypothesis 3: Of the two sets of dimensions (Environmental-Behavioral), school 

belongingness and algebraic proficiency will account for a substantial amount of the 

shared variance between the two sets. 

Hypothesis 4: Mathematical identity, mathematical self-efficacy, school belonging, 

algebraic proficiency, and math credits earned are all common variables to understand 

the associations influencing African American STEM enrollment. 

Hypothesis 5: The canonical correlation of personal and behavioral sets will be the 

best fit model due to the levels of expected variance. 
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2.3 Anti-Deficit Achievement Perspective 

Much of the dominant framing and narratives for African American children 

have evolved into race-comparative approaches where their attitudes, behaviors, and 

environments are viewed as non-normative and different (McLoyd, 1991; Martin, 

2012; Bibbs, 2019).  To counter such reports and studies Harper’s (2010) anti-deficit 

achievement framework was designed to discuss factors that are influencing the 

success of students of color.  The framework highlights the achievement factors to 

counteract the deficit models that are mainstream (especially for Black students).  

Despite all that is discussed about the complications of students of color (e.g. biases, 

discrimination, stereotype, environment, etc.) there is a lack of adequate information 

about the achievements of such racial groups (Harper, 2010).  Questions like how does 

one navigate a system of oppression, where do they find community, what are the 

qualities shared by STEM majors that have completed degrees have still been left 

unanswered.  Anti-deficit lensing is an empowerment perspective used to develop 

research questions and purposes that center race in a means of combating endemic 

racism that can skew studies (Alexander, 2015; Harper, 2010; Martin, 2012; Yosso, 

2005; Young et al., 2020).  While this study does not take a critical perspective 

because it does not identify systemic inequities like sexism or racism (Stage, 2007a, 

2007b); it does attempt to examine the possibilities for transformation through its 

outcomes.  This is also a positivist approach to a subtle (and at times overt) research 

cycle where students of colors are cast in stereotypical roles.  For instance, Owusu-

Bempah and Howitt (2000) state, “Professionals have a repertoire of beliefs and 

assumptions about Black people, their cultures, families and experiences” (p. 14).  
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Such assumptions affect the work and studies of the researcher and in turn the policies 

and social dynamics. 

As stated earlier, the work of psychologists Clark and Clark (1950) was able to 

turn the social norms of American education, so it is the duty of the researcher to 

provide a sound knowledge of cultural groups and diversity.  Du Bois (1965) 

recognized the harm self-deprecating research did toward a group, therefore it would 

be wise for researchers to recognize the biases that may be perpetuated through 

research.  Anti-deficit lensing attempts to develop a broad, generalizable, group focus, 

aggregate data with results that are context-independent.  To disrupt certain deficit 

modeling, I have chosen to center this study on African American students and sought 

theories that would address what factors are influential in the matriculation into higher 

education, specifically STEM.   

A part of using an anti-deficit lens is to counter the historical research context 

of psychology that focused on the deficiencies of African Americans.  For instance, 

Erikson (1950) writes a chapter on Black Identity which perpetuates a common theme 

of self-hatred and self-rejection from that era’s research.  In this chapter he includes 

folklore amongst Black people where the “world” was just inhabited by Black people; 

however, those that listened to an angel and washed themselves in the river would be 

turned white.  This is a moral story where white is denoted as “light, clean, and clever” 

and black is denoted as “dark, dirty, and ignorant” (Erikson, 1950, p. 214).  However, 

the limitation of Erikson’s (1950) understanding of Black culture and identity is 

emphasized in his statement of the American public schools prior to the 1954 Brown 

vs. Board of Education case: 
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On the whole, it can be said that American schools successfully meet the 

challenge of training children of play-school age and the elementary grades in 

a spirit of self-reliance and enterprise.  Children of these ages seem remarkably 

free of prejudice and apprehension, preoccupied as they still are with growing 

and learning and with the new pleasures of association outside their families.  

This, to forestall the sense of individual inferiority…. (p 217-218) 

This would contradict the work by Du Bois (1935), Clark and Clark (1950), and King 

(1963) on the state of education for Black children in America.  When Erikson’s work 

was published, the school system was still segregated in most parts of America 

(specifically the south where most Black people resided); and as Clark (1988) 

declares, “Segregated schools are symbols of discrimination and a mockery of our 

democratic ideal” (p. 86) where most Black schools were usually “inferior” to their 

counterparts.  While Erikson’s human development theory is still very useful, it is 

helpful to recognize his thoughts about Black identity during the conception of his 

theory and how it would delineate a more deficient perspective of a group’s culture. 

However, Erikson’s work is not alone; from the period of 1936-1967, self-

hatred and group-rejection were the conventional themes of Black psychological 

research (Cross, 1991).  Researchers like Horowitz (1939), Clark and Clark (1950), 

and Kardiner and Oversey (1951) perpetuated pejorative perspectives.  These works 

created an ideology of a culture void and baseless, and something that needed saving.  

It is not until the 1970’s that psychology conducts personality and self-concepts 

studies that “capture the nature and extent of Black identity change” (Cross, 1991, p. 

41).  Theories like Nigrescence become useful in understanding the Black identity and 
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is useful in the development of other forms of identity like women, Latinx, and 

LGBTQIA+ (Owens, 2010).  For more information pertaining to this period of Black 

empowerment and psychology please see Cross (1991).   

The use of an anti-deficit perspective is to recognize that “those who endeavor 

to improve student success in STEM would learn much by inviting those who have 

been successful to offer explanatory insights into their success” (Harper, 2010, p. 71).  

It is informed by psychology, sociology, and education where questions are designed 

to be “instead of” queries to explore how students of color succeed in STEM.  One of 

the most frequent forms of racism in schools is deficit thinking; anti-deficit lensing 

challenges the ways in which theory and analysis can impact structures like schools, 

practices, and discourses (Yosso, 2005).  With such lensing, researchers can transform 

and empower students and groups (Friere, 1970; hooks, 1994).  In the next chapters, I 

deliver statistical models that examine the relationships between the factors outlined in 

the framework. 
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CHAPTER III 

METHODS 

From the literature review, there is a valuable need to understand how the 

triadic effect of psychological and environmental factors influence future African 

American STEM majors in high school.  The aim of this research is to examine what 

factors are influential during the high school years and which are significant in 

predicting the factors of mathematical identity and self-efficacy and algebraic 

proficiency.  From the literature it is understood that identity is a complex topic for 

African American youth, so recognizing what factors affect it can assist in future 

research pertaining to the development of STEM majors.  This chapter will discuss the 

dataset implemented, the participants selected as the sample, the methods used to 

answer the research questions presented earlier, a description of the variables that will 

be assessed, and an explanation of the analysis selected.  The findings from this 

chapter will be presented in Chapter 4 and discussion in Chapter 5. 

3.1 Data 

To implement the triadic reciprocality framework and examine its effect on 

African American adolescents the High School Longitudinal Study of 2009/2012 

(HSLS) was used as a secondary dataset.  This is a national study administered by the 

National Center for Education Statistics (NCES) and is available as both a public-use 

and restricted-use dataset.  This is the fifth in a series of longitudinal studies conducted 

by the NCES which describes the educational experiences of US students and 

educational success since the 1970s.  In comparison to previous NCES studies, HSLS 

has distinctive features that include the following: 1) computer-administered 
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assessment and student questionnaire in a school setting; 2) an algebraic reasoning 

assessment; 3) computerized parent, teacher, administrator, and counselor 

questionnaires; 4) ninth-grade starting point in 2009; 5) emphasis on educational and 

occupational decision-making; 6) emphasis on STEM trajectories; 7) a two-year 

follow-up which includes another algebraic reasoning assessment (Ingels & Dalton 

2013; Ingels et al., 2013).  Unlike HSLS predecessors which focused on grade-level 

assessment, this study provides transitory trends of youth across 10 states with a post-

secondary follow-up three years later that collected high school transcripts and 

information about post-graduation.  Ingels et al (2011) state “the core research 

questions for the study explore secondary to postsecondary transition plans and the 

evolution of those plans; the paths into and out of [STEM] fields and careers; and the 

educational and social experience that are related to these shifts in plans or paths” (p. 

1).  Being that one of HSLS central aims is understanding STEM fields and careers 

became a significant reason to use this dataset. 

The base year also offers several measures of students’, teachers’, counselors’, 

and administrators’ attitudes and experiences which can be found as individual survey 

items and as composite scores.  And students and administrators are the only 

participants requested to do the baseline and first follow-up.  And while this is a 

longitudinal study, the baseline alone provides rich cross-sectional information about 

the USA’s ninth-graders (Ingels et al., 2011; Ingels & Dalton, 2013).   
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3.2 Participants 

The national HSLS dataset consists of over 23,000 ninth-grade students from 

944 schools in 2009, with two follow-up surveys in 2012 and 2016.  This dataset is 

representative of the following 10 states: California, Florida, Georgia, Michigan, 

North Carolina, Ohio, Pennsylvania, Tennessee, Texas, and Washington state 

(Consideration for Analysis, 2021).  The total number of participants that identified as 

Black/African American, non-Hispanic were 2,450; of this sample, 172 participants 

indicated that they were (or had been) enrolled as STEM majors by the second follow-

up.  Participants were given the option to select gender as male, female, or non-binary; 

of this sample 71 identified as female (41%) and 101 identified as male (59%).  

Ironically, this is counter to the number the Pew Research Centers (2021b) report 

which indicated there are more Black females than Black males that are in the STEM 

workforce as well as graduation rates. 

Because this sample is small, for missing data a multiple imputation process 

was conducted with n = 5 imputations and p = 40 iterations using the MICE package 

(van Buuren & Groothuis-Oudshoorn, 2011).  Following this process, if there were 

any remaining missing data points for any reason, I used the sample mean of the 

variable to fill this datum (see Figure A.1 in Appendix A for density plots of the 

imputation method).  Also, the HSLS has provided student sampling weights 

(W1STUDENT) which produce nationally representative data of African American 

youth in the 9th grade and completed the survey two years following who enrolled in a 

STEM major post-secondary education.  However, the methods used in this 
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dissertation to analyze data did not take into account the weights.  Again, this is one of 

the limitations to the study which means it does not have national representation. 

3.3 Variables and Measures 

All of the observed variables used in this study were obtained by students, 

administrators, and parents.  Also, the variables are the composite scores generated by 

NCES where they were tested for validity and reliability (Ingels et. al, 2011).  Most of 

the variables selected are the follow-up responses that were obtained two years prior to 

the base year.  There are six observed variables: mathematical identity, mathematical 

self-efficacy, sense of school belonging, school climate, algebraic proficiency, and the 

number of math credits earned.  These variables were all composite scores measured 

and produced by HSLS through questionnaires.  For more detailed information about 

the variables and how they were assessed please read Ingels et al (2013). 

Observed independent variables 

Mathematical Identity: this is a student’s perception of their mathematical 

ability as well as their perception of others’ beliefs about their math ability.  Students 

were given the statements “You see yourself as a math person” and “Others see me as 

a math person” where those that tend to agree had higher values indicating a sense of 

mathematical identity.  These variables were created using a principal component 

analysis (weighted by W2STUDENT) and standardized to a mean of 0 and a standard 

deviation of 1.  The HSLS variable code was X2MTHID for the first follow-up. 

Mathematical Self-Efficacy: this is a student’s judgment of their capabilities 

to organize and perform mathematics.  Students were given the statements: You are 

confident that you can do an excellent job on test in this course; You are certain that 
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you can understand the most difficult material presented in the textbook used in this 

course; You are certain you can master the skills being taught in this course; and You 

are certain that you can do an excellent job on assignments in this course.  Those that 

tend to agree had a high value in mathematical self-efficacy.  These variables were 

created using a principal component analysis (weighted by W2STUDENT) and 

standardized to a mean of 0 and a standard deviation of 1.  The HSLS variable code 

was X2MTHEFF for the first follow-up. 

Sense of School Belonging: this is a student’s emotional investment and 

perception of their school environment.  Students were given the statements: You feel 

safe at this school; You feel proud being a part of this school; There are always 

teachers or other adults in your school that you can talk to if you have a problem; 

School is often a waste of time; and Getting good grades is important to you.    Those 

that tend to agree had a high value school belonging (the questionnaire School is often 

a waste of time was reverted).  These variables were created using a principal 

component analysis (weighted by W1STUDENT) and standardized to a mean of 0 and 

a standard deviation of 1.  This variable was only comprised in the base year.  The 

HSLS variable was X1SCHOOLBEL for the base year. 

School Climate:  this variable is a measure of the administrator’s assessment 

of their school environment.  This is also the only variable in this study that was 

created at the school level and proctored to the school administrator.  Administrators 

were given the statements: Physical conflicts among students, Robbery or theft, 

Vandalism, Students use of illegal drugs while at school, Students use of alcohol while 

at school, and The sale of drugs on the way to or from school or on school grounds 
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and were given the choices: at least once a week, at least once a month, on occasion, 

never happens. Those that had few incidences had higher values.  These variables 

were created using a principal component analysis (weighted by W2SCHOOL) and 

standardized to a mean of 0 and a standard deviation of 1.  The HSLS variable code 

was X2SCHOOLCLI for the first follow-up 

Algebraic Proficiency: this variable is comprised of students’ algebra 

performance derived from an Item Response Test (IRT) model.  IRT use information 

from all responses of right/wrong to compute a student ability estimate, theta.  The 

variable X2TXMTH represents the theta estimate for proficiency which is resourceful 

for correlational analysis with behavioral, demographics, and environmental variables, 

as well as to measure achievement growth (Ingel et. al, 2013).  During this assessment, 

students were given 72 algebra items that were partitioned into five hierarchical levels 

at the base year and seven levels by the first follow-up.  These mathematical scale 

levels were: 1) algebraic expression, 2) multiplicative and proportional thinking, 3) 

algebraic equivalents, 4) systems of equations, 5) linear functions, 6) quadratic 

functions, 7) log and exponential functions.  The probability of proficiency is a 

student’s ability to get correct at least 3 of the 4 items in a cluster, and because it is a 

probability the score does not depend on a student answering the actual item.  The 

range of this score is from 0 to 1 and can be expressed as a percentage.  For the 

purposes of this study, the standardized theta score will be used because it is relative 

to the whole population and is on a continuous scale. 

Mathematics Credits Earned: this is the number of Carnegie credits in 

mathematics that were taken during the student’s secondary education.  “A Carnegie 
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credit is equivalent to a one-year academic course taken one period each day, five days 

a week” (Young et al., 2021).  This is the only variable in this study that was retrieved 

during the 2013 update wave.  The HSLS variable code was X3TCREDMAT. 

3.4 Analyses 

This study was assessed using R Programming incorporating various R 

packages like yacca, CCA, tidyverse, and mice (Butts, 2018; González & Déjean, 

2021; R Core Team, 2021; van Buuren & Groothuis-Oudshoorn, 2011; Wickham et 

al., 2019).  To examine the bidirectional interaction of personal-behavioral, personal-

environmental, behavioral-environmental, a canonical correlation analysis (CCA) was 

performed due to its ability to examine the multivariate relationship amongst two sets 

of constructs, with two or more variables.  While there are many ways to study the 

relationship among groups of variables, CCA is complexity can investigate how the 

pairs can form canonical variates to understand the within and between nature of said 

variates (Fan & Konold, 2018; Young et al., 2021).  Because CCA can be as complex 

as reality with multiple effects and causes, this method was worthwhile for studies 

examining multiple effects, much like this dissertation (Thompson, 1984, 2000)  From 

the literature the substantive relationship between the personal, environmental, and 

behavioral sets of variables have been established, using CCA will verify such 

relationships.  Also, the results of the CCA give a within set and between set results 

which offers replication in future use.  Because the sets reside in multidimensional 

space, CCA makes directionality arbitrary; therefore, canonical correlation 

coefficients are positive, ranging from 0 to 1.  Because the research questions are to 

assess the relationship of the constructs, CCA is appropriate because it allows the 
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researcher to assess within and between set relationships.  And CCA limits the 

probability of committing a Type I error due to its multivariate nature (Thompson, 

2000). 

CCA is a matrix algebra technique developed by Hotelling (1935) which 

involves an intervariable correlation matrix that computes eigenvalues.  From here a 

quadruple-product matrix is then computed using Equation 3.1 where R11 and R22 are 

interdomain correlations of the criterion and predictor variables, respectively, and R12 

and R21 are the interdomain correlations between the sets (Thompson, 2000; Everitt, 

2005; Thorndike, 1978).  A principle component analysis is conducted on matrices A1 

and A2, and the results yield standardized canonical function coefficients (β and δ).  

These coefficients can be interpreted as linear functions of the synthetic variables as 

illustrated in Equations 3.2 and 3.3 where u1 = criterion synthetic variable and v1 = 

predictor synthetic variable, and m and n are the number of variables associated with 

the set, and f is the function set.  For a more detailed understanding of this method, 

please read Thompson (1984) and Manly (2005), and examples of its application using 

R please read Everitt (2005), McGarigal et al. (2000). 

𝐴1 = 𝑅1,1
−1𝑅1,2𝑅2,2

−1𝑅2,1     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.1 

𝐴2 = 𝑅2,2
−1𝑅2,1𝑅1,1

−1𝑅1,1     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.2 

𝑢𝑓 = 𝛽𝑓,1𝑥1 + 𝛽𝑓,2𝑥2 + ⋯ + 𝛽𝑓,𝑚𝑥𝑚     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.3 

𝑣𝑓 = 𝛿𝑓,1𝑥1 + 𝛿𝑓,2𝑥2 + ⋯ + 𝛿𝑓,𝑛𝑥𝑛     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.4 

The next section will discuss the results found from implementing a CCA on 

the sample dataset as well as a descriptive analysis of the variables. 
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CHAPTER IV 

RESULTS 

To assess the relationship amongst personal, behavioral, and environmental 

factors for African American high school students, a canonical correlation analysis 

was conducted.  This chapter will cover the results gathered from the analysis of the 

HSLS dataset.  It is partitioned into four sections where the first section discusses the 

descriptive results of the variables for STEM and Non-STEM students.  The Non-

STEM students’ description was included to get an understanding of the attitudes, 

behaviors, and environment in relation to STEM students.  The second section 

presents the results of the personal and behavioral set of variates and their correlates.  

The third section presents the results of the environmental and personal set of variates 

and their correlates.  And the fourth section presents the results of the environmental 

and behavioral set of variates and their correlates.   

4.1 Descriptive Results 

Table 4.1 illustrates descriptive results of STEM students’ variables obtained 

from HSLS.  STEM students’ math identity mean was 0.50 (0.98) with a skew (-0.43) 

and kurtosis (-0.51) which indicated normal distribution however most the values are 

located to the right of the mean with small outlier frequency.  Math self-efficacy mean 

was 0.60 (0.83) with skew (-0.19) and kurtosis (-.076) indicating a normal distribution.  

School belonging had a mean of 0.30 (0.94) with one of the highest skews (-0.74) and 

kurtosis (1.39) of the STEM students variables set.  School climate had a mean of 0.39 

(0.96) with skew (-0.43) and kurtosis (-0.10) values indicating normal distribution.  

Math credits earned mean value was 4.03 (0.95) with a skew of -0.56 and kurtosis of 
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3.44 indicating its tails had thicker outliers than a normal distribution.  For instance, 7 

students transcripts indicated six or more math credits earned in high school.  Algebra 

proficiency had a mean of 0.95 (0.96) with a skew (-0.18) and kurtosis (-0.20) that 

indicated normal distribution.  In comparison to Table 4.2 - which describes the results 

from Non-STEM students - STEM students show higher values in all the variables 

that are being assessed.  A closer look at math credits earned indicates STEM students 

had a higher average of credits (4.03) in comparison to Non-STEM students (3.38), 

yet the median number of math credits earned are equivalent indicating most STEM 

students gained 4 math credits by graduation. 

Table 4.1. Descriptive statics of observed variables for STEM students. 

Variable Mean (SD) Median Skew Kurtosis 

Math Identity 0.50 (0.98) 0.70 -0.43 -0.51 

Math Self-Efficacy 0.60 (0.83) 0.32 -0.19 -0.76 

School Belonging 0.30 (0.94) 0.21 -0.74 1.39 

School Climate 0.39 (0.96) 0.47 -0.43 -0.10 

Math Credits Earned 

(MCE) 
4.03 (0.95) 4.00 -0.56 3.44 

Algebra Proficiency 0.95 (0.96) 0.90 -0.18 -0.20 

 

Table 4.2. Descriptive statics of observed variables for Non-STEM students. 

Variable Mean (SD) Median Skew Kurtosis 

Math Identity -0.04 (0.99) 0.12 0.09 -0.80 

Math Self-Efficacy 0.15 (0.86) 0.32 0.03 -0.44 

School Belonging 0.05 (0.99) -0.04 -045 0.39 

School Climate 0.07 (1.02) 0.17 -0.47 0.15 

Math Credits Earned 

(MCE) 
3.38 (1.45) 4.00 -0.51 0.25 

Algebra Proficiency 0.10 (0.98) 0.20 0.10 -0.27 
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4.2 Personal-Behavioral Analysis 

A canonical correlation analysis (CCA) was conducted for the personal and 

behavioral canonical sets.  For CCA, the predictor and criterion sets are arbitrary; 

however, for the sake of discussing the results with some clarity, I selected the 

personal set as the predictors and behavioral set as criteria based on the literature 

review (see Chapter II).  This analysis yielded the multivariate shared relationship 

between the canonical sets.  From this analysis, two functions were yielded with 

squared canonical correlations (rc
2) of 13.33% and less than 1.00%.  Collectively, the 

full model was statistically significant with a Wilk’s λ = 0.8665 criterion, F(4, 336) = 

6.2394), <0.001.  Wilks λ also represents the unexplained variance by the model, 1 – λ 

yields the full model effect in an r2 metric.  Therefore, for the two functions’ r2 type 

effect size was 0.1333 which indicates the full model explained approximately 13% of 

the variance shared between the variable set. 

Young et al. (2020) and Bosco et al. (2015) indicated that small effect sizes 

can be quite useful given the right contextual relationship.  The literature of the study 

indicates the reciprocal effects of personal, behavioral, and environmental in which 

Bandura (1986) indicates the causal effects of such relationships are integrated over 

time and are not always situational.  The production of reciprocal effects requires time 

where factors are interacting to create a given effect.  The literature review indicates 

that there is a reciprocal effect of mathematical identity and self-efficacy upon math 

performance and students’ pursuit of higher levels of mathematics.  And the other 

variables within this dissertation are also in accordance with the literature.  Under 

these pretexts, the small effect size of these relationships is important in understanding 
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aspects of the triadic effect for African American students.  Given the rc
2 effect for 

each function and the hierarchal arrangement of the significance test, the second 

function was removed due to its Wilk’s λ = 0.9998, F(1, 169) = 0.0377, p > 0.5.  The 

last function did not explain any of the variance.  For all the CCA’s conducted in the 

study, the second function was too low to explain any proportioned variances.  

Therefore, the first function was only kept for all the analyses.  See the statistical 

testing table (Table B.1) in the appendices for details of each of the CCAs discussed. 

Table 4.3 illustrates the results of the standardized canonical function 

coefficients (Coef.), the canonical loadings (also known as structural coefficients, rs), 

and the canonical correlation variance (also known as squared structure coefficients, 

rs
2) for personal-behavioral CCA.  For CCA, it can be advantageous to present the 

communality (h2), however the first function is the only variate kept; therefore h2 = rs
2 

(Thompson, 1978, 2000).  Table 3 shows the criterion variable that made more 

contributions to the synthetic variable (behavioral) was algebraic proficiency which is 

supported by the canonical correlation variance.  Algebraic proficiency also had the 

larger coefficient (1.0163) value expressing its impact on the synthetic variable.  

Furthermore, the structure coefficients for algebraic proficiency and earned credits 

had the same sign indicating they were directly related. 

 

 

 

 

 



Texas Tech University, Ramey II, December 2021 

60 

Table 4.3 CCA results of personal-behavioral variates 

 Function 1 Function 2 

Variable Coef. rs rs
2 (%) Coef. rs rs

2 (%) 

Alg. Prof. 1.02 0.96 93.06 -0.24 -0.26 6.94 

Earned Credits 0.28 0.23 5.15 1.02 0.97 94.85 

rc
2   13.33   < 1.00 

Math Identity 0.90 0.99 97.85 -0.88 -0.15 2.15 

Math Efficacy 0.22 0.70 49.22 1.48 0.71 50.78 

Note:    Coef. = standardized canonical function coefficient; rs = canonical loadings 

(structure coefficients); rs
2 = squared structure coefficient; rc

2 = canonical correlation 

variance.  rs greater than |±0.45| are underlined. 

 

From Table 4.3, the predictor variables math identity and math efficacy both 

showed signs of having an impact on the synthetic variable (personal) with canonical 

loadings of 0.9892 and 0.7016, respectively.  Also, math identity’s coefficient (0.8970) 

was greater than math efficacy (0.2191) when it comes to predicting personal effects.  

Figure C.2 is a heliograph of each variables’ variance on the synthetic variables. 

Notice that each variable has a positive relationship and its magnitude is greater than 

0.45 (excluding earned credits).   

 

𝑢1 = 1.0163(𝑎𝑙𝑔𝑒𝑏𝑟𝑎𝑖𝑐 𝑝𝑟𝑜𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦) + 0.2784(𝑒𝑎𝑟𝑛𝑒𝑑 𝑐𝑟𝑒𝑑𝑖𝑡𝑠)     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4.1 

𝑣1 = 0.8970(𝑚𝑎𝑡ℎ 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦) + 0.2191(𝑚𝑎𝑡ℎ 𝑒𝑓𝑓𝑖𝑐𝑎𝑐𝑦)     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4.2 

 

Equations 4.1 and 4.2 are the two corresponding variates in terms of the 

standardized canonical coefficients where u1 = behavioral and v1 = personal and the 

correlation between these variables is 0.3651.  Here the equations indicate students 

that excel on their algebraic proficiency assessment and take more math courses also 

tend to have a higher math identity and efficacy.   
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4.3 Environmental-Personal Analysis 

A canonical correlation analysis was conducted for personal and environmental 

canonical sets.  Here I selected the environmental variables (i.e. school belonging and 

school climate) as the predictors and personal variables (i.e. mathematical identity and 

mathematical self-efficacy) as the criteria.  From this analysis, two canonical functions 

were yielded with a squared canonical correlation (rc
2) of 6.22% and less than 1.00% 

yielded.  As a full model, the functions indicated statistical significance with a Wilks λ 

= 0.9367, F(4,336) = 2.7933, p < 0.05.  The explained variance of the full model was 

estimated as r2 = 1 – λ = 0.0622 indicating approximately 6% of the variance is shared 

amongst the variable sets.  Again, this is a small effect; however, the given the context 

of the relationship it is reasonable enough to investigate just what these effects may 

mean. 

Like the personal-behavioral analysis, the second function was removed 

because of the small squared canonical correlation (rc
2 < 1.00%) and Wilks λ = 

0.9998, F(1, 169) = 0.6503, p = 0.6503.  Table 4.4 shows the results for the 

environmental-personal CCA.  From it the criterion variable with the greater 

contribution was math efficacy which is supported by its correlation variance 

(89.87%).  It also had the larger function coefficient (-1.4224) revealing its effect on 

the synthetic variable environmental.  However, math identity and math efficacy 

structure coefficients had opposite signs indicating a differential relationship. 
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Table 4.4 CCA results of environmental-personal variates 

 Function 1 Function 2 

Variable Coef. rs rs
2 (%) Coef. rs rs

2 (%) 

Math Identity 0.40 -0.30 9.11 -1.19 -0.95 90.89 

Math Efficacy -1.42 -0.95 89.87 0.80 -0.32 10.11 

Rc
2   6.22   < 1.00 

School 

Belonging 

-0.86 -0.87 75.90 -0.65 -0.49 24.09 

School Climate -0.52 -0.60 36.04 0.92 0.80 63.97 

Note:    Coef. = standardized canonical function coefficient; rs = canonical loadings 

(structure coefficients); rs
2 = squared structure coefficient; rc

2 = canonical correlation 

variance.  rs greater than |±0.45| are underlined. 

 

The predictor variables from Table 4.4 show signs of having an impact on the 

synthetic variable environmental with structural coefficients of -0.8712 and -0.6003 

for school belonging and school climate, respectively.  Here school belonging 

indicates not only the greater predictive effect for the variate, but also a greater 

canonical coefficient (-0.8615) in influencing the equation (i.e Equation 4.4).  Figure 

C.4 is a heliograph of function 1 expected variance of the environmental variable, here 

all the variables (except math identity) share a similar loading trend and is greater than 

|±0.45|. 

 

𝑢1 = 0.4005(𝑚𝑎𝑡ℎ 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦) − 1.4224(𝑚𝑎𝑡ℎ 𝑒𝑓𝑓𝑖𝑐𝑎𝑐𝑦)     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4.3 

𝑣1 = −.8615(𝑠𝑐ℎ𝑜𝑜𝑙 𝑏𝑒𝑙𝑜𝑛𝑔𝑖𝑛𝑔) − 0.5179(𝑠𝑐ℎ𝑜𝑜𝑙 𝑐𝑙𝑖𝑚𝑎𝑡𝑒)     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4.4 

 

Here Equations 4.3 and 4.4 represent the four corresponding variates in respect 

to the standardized coefficients where u1 = personal and v1 = environmental.  The 

canonical correlation between the synthetic variables was 0.2494.  It appears that 

students with greater differences between math identity and math efficacy tend to have 
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similar perceptions of their school as their administrator’s.  For instance, as a student’s 

perception of the school (or their administrator’s perception of the school) increases 

by one unit, there is a tendency for a student’s math identity and self-beliefs to 

diverge. 

4.4 Environmental-Behavioral Analysis 

For this CCA, the environmental and behavioral sets were implemented, where 

the environmental variables were the predictors and behavioral variables were the 

criteria.  This analysis yielded two canonical functions with squared canonical 

correlations of 2.56% and less than 1.00%.  As a whole, the functions indicated no 

statistical significance with a Wilks λ = 0.9730, F(4, 336) = 1.1571. p = 0.3296.  

Accordingly, the explained variance amongst the variable sets for the full model was 

estimated to be r2 = 1 – λ = 0.0256.  While this analysis indicated no statistical 

significance, it is included within the results for discussion and research posterity. 

Although neither of the functions showed significance, the second function 

was disregarded because the squared canonical correlation was less than 1.00% (like 

the prior analyses) with a Wilks λ = 0.9986, F(1, 169) = 1.1571, p = 0.6220.  The 

results of the environmental-behavioral CCA are presented in Table 4.5.  The criterion 

with the greater contribution to the correlation was algebraic proficiency (0.7910) 

followed by earned credits (0.5816).  Here the communality showed the most 

versatility of all the CCAs where algebraic proficiency structure variance was 62.57% 

and earned credits was 33.82%.  While algebraic proficiency had the larger of the two 

function coefficients, both variables had a positively related 
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Table 4.5 CCA statistical results of environmental-behavioral variates 

 Function 1 Function 2 

Variable Coef. rs rs
2 (%) Coef. rs rs

2 (%) 

Alg. Prof. 0.85 0.79 62.57 -0.61 -0.61 37.43 

Earned Credits 0.65 0.58 33.82 0.84 0.81 66.18 

Rc
2   2.56   < 1.00 

School Belonging 1.03 0.91 83.67 0.30 0.40 16.33 

School Climate -0.44 -0.28 7.92 0.97 0.96 92.08 

Note:    Coef. = standardized canonical function coefficient; rs = canonical loadings 

(structure coefficients); rs
2 = squared structure coefficient; rc

2 = canonical correlation 

variance.  rs greater than |±0.45| are underlined. 

 

From Table 4.5 the predictor variables relationship to its synthetic variable 

personal indicated the structure coefficients for school belonging was 0.9147 and 

school climate was -0.2815.  School belonging also has the greater canonical 

coefficient magnitude (|-1.0336|) to school climate (|-0.4365|).  Figure A.6 is the 

heliograph for the covariate of environmental-behavioral where all the variables 

(except school climate) have positively trending and canonical loadings greater than 

0.45. 

 

𝑢1 = 0.8489(𝑎𝑙𝑔𝑒𝑏𝑟𝑎𝑖𝑐 𝑝𝑟𝑜𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦) + 0.6465(𝑒𝑎𝑟𝑛𝑒𝑑 𝑐𝑟𝑒𝑑𝑖𝑡𝑠)     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4.5 

𝑣1 = 1.0336(𝑠𝑐ℎ𝑜𝑜𝑙 𝑏𝑒𝑙𝑜𝑛𝑔𝑖𝑛𝑔) − 0.4365(𝑠𝑐ℎ𝑜𝑜𝑙 𝑐𝑙𝑖𝑚𝑎𝑡𝑒)     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4.6 

 

Equations 4.5 and 4.6 are the four corresponding variates in respect to the 

standardized coefficients where u1 = behavioral and v1 = environmental and the 

canonical correlation between each of the synthetic variables was 0.1600.  Here there 

is a similar relationship in the linear equations’ correlation associated to 

environmental, however inversed.  Schools with larger differences between student’s 
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and administrator’s perception of the environment also tend to have better proficiency 

scores and more earned math credits.  As student’s perception of their school increases 

by a unit, there is a correlation for behavioral to increase as well. 

Based on the results, in conjunction with the literature review and the triadic 

reciprocal determinism framework, an evaluation of this assessment will be discussed 

in the next chapter.  Conclusions on this dissertation will be addressed through the 

hypothesis, as well as implications of this study.  Lastly, directions for future works 

will be addressed for further research. 
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CHAPTER V 

DISCUSSION AND CONCLUSION 

In this final chapter, I present two sections to summarize the information 

gathered and presented in this dissertation.  The first section is a summary of the 

results found and an analysis of the research hypotheses.  The second section is a 

discussion about the findings, their connection to the literature found in Chapter II, 

and implications of this dissertation for future research and practices. 

The problem that sparked this study is the growing STEM market that needs a 

prepared workforce that is diverse and inclusive.  To encourage African American 

students to enter this field, there is a need to understand the personal, behavioral, and 

environmental factors that are influential for successful preparation.  And while there 

is literature about Black students, it can be deficient in providing information that 

discovers the beneficial assets.  There is also a dearth of information (quantitative and 

qualitative) about STEM and Black students.  The findings in this dissertation were 

ascertained from the High School Longitudinal Survey (HSLS) in which I conducted a 

canonical correlation analysis on a sample of 172 African American high school 

students that pursued a STEM major following graduation with the purpose of 

implementing Bandura’s (1986) triadic reciprocal determinism from social cognitive 

theory to understand the relationship amongst students’ physical, behavioral, and 

cognitive operations.  The second purpose was to examine these factors to find the 

between and within factor relationship among the synthetic variates.  As the literature 

shows, mathematics is an important aspect of STEM, by examining this topic my 

results can assist educational agencies and educators in better serving this under-
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represented community.  This study can also broaden the field of educational research 

and methods of assessing such data to highlight the skills Black students bring in 

transforming their lives and communities.  To assist young African American students 

that are interested in STEM, this research advocates for the students and recognizes 

what they have been able to achieve.  And identity is a complex topic, yet it is 

worthwhile to learn how its development influences young Black students interested in 

the STEM field that are not usually overlooked in such studies due to deficit 

comparisons. 

5.1 Findings Summary 

The results from this study offer compelling information and dialogue 

pertaining to Black students and their school settings.  The results offer insight into the 

reciprocal relationships amongst the personal, behavioral, and environmental factors 

that influence learning.  From here strategies can be devised and implemented to 

develop positive mathematical identity and self-beliefs about their mathematical skills 

which will be beneficial in their STEM career pursuits.  What the descriptive results 

do indicate is that STEM students show higher scores for all the variables accounted 

for in this study.  STEM students were more efficacious about their math ability and 

more likely to identify as a “math person”.  They also indicated to have higher 

perceptions of their school and come from environments with fewer incidences of 

violence, vandalism, theft, or drug abuse.  On average STEM students indicated 

earning more math credits; however, the median number value indicates that it was the 

same for both STEM and Non-STEM students. 
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There was a total of five research questions and five research hypotheses 

derived from the triadic reciprocal determinism framework.  I will address each 

question and connect them to the results from Chapter IV.  The first question asked 

What are the influences of Personal factors on Behavioral outcomes of African 

American students?  The results show there is a significant relationship between 

personal factors like math identity and math self-efficacy to behavioral factors such as 

algebraic proficiency and math credits earned.  There is especially a high shared 

variance amongst math identity, math self-efficacy, and algebraic proficiency with a 

positive trend between the sets.  For instance, as a student’s math identity were to 

increase there was a tendency for the behavioral factors to increase as well.  This 

connects with social cognitive theory where outcomes are accomplished through 

generating successful behavior that is conceived by personal efficacy.  The results 

from this analysis support Randhawa, Beamer, and Lundberg’s (1993) study of 

mathematical self-efficacy and mathematical achievement.  In their results, 

mathematical efficacy generated approximately 22% variance in their model of for 

mathematical achievement.  In this study, approximately 49% of the model was 

represented by self-efficacy and approximately 98% was represented by mathematical 

identity.  The results validate my first hypothesis of the two sets of dimensions, 

mathematical identity and self-efficacy will account for a substantial amount of the 

shared variance.  The study also shows that algebraic proficiency has a large amount 

of variance when in relation to personal factors.  In fact, it was more substantial to 

personal factors than math credits.  In turn, because students are excelling on the 

proficiency assessment, they are developing a healthy mathematical identity.  From 
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Equation 4.1 it is revealed for every one-unit increase in algebraic proficiency there is 

a 1.0163 gain in the behavioral outcome.  And for every one-unit gain in math 

identity, there is a 0.8970 gain in the personal outcome. 

The second research question asked what are the influences of Environmental 

factors on Personal outcomes of African American students?  According to the results, 

there is a significant relationship between such factors; however, the model variance is 

smaller than the personal-behavioral model.  The standardized canonical coefficients 

indicate a direct relationship between the environmental sets, yet when personal is in 

relation to the environment the personal variables show an inverse relationship.  This 

differs from what was gathered from the personal-behavioral relationship.  However, 

when assessing the canonical loadings and communality of the model math identity 

does not attribute nearly as much as math efficacy (math identity loadings were less 

than |±0.45| which did not meet the threshold suggested by Sherry and Henson (2005) 

in their discussions of CCA).  This is the unique benefit of using CCA because the 

variability in loadings can be resultant of extraneous or situation factors (Dattalo, 

2014).  The full model also represented about 6% of the variance shared meaning there 

are external factors that the model has not included.  With that known, the linear 

equations indicate if there is a change in math efficacy, there is a direct relationship 

that school belonging and school climate will change in the same direction.  The 

second hypothesis states of the two sets of dimensions, mathematical identity and 

mathematical self-efficacy will account for a substantial amount of the shared 

variance between the sets.  This hypothesis was partially correct.  Mathematical self-

efficacy showed a significant, direct relation to environmental factors which supports 
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Alexander’s (2015) results of the HSLS data which assessed the relationship between 

mathematical self-efficacy and school belonging for African American students in the 

second follow-up.  His findings also proved there was significance amongst these 

variables.  My results and Alexander’s counter the findings from other studies like 

Uwah, McMahon, and Furlow (2008) who did not find significance amongst school 

belonging and self-beliefs.  As stated earlier, mathematical identity did not have 

substantial within variance correlation, therefore between was also insubstantial.  

Studies like McMillian et al. (2016) and Haycock (2001) found significance in factors 

associated to African American males’ academic identity and school climate; 

however, this study was not able to support that.   

The next research question asked what are the influences of Environmental 

factors on Behavioral outcomes of African American students?  According to this 

study, there is no substantial relationship between these two sets.  With a between 

variance of 2.56%, it was rather weak yet information can still be gleaned from it.  The 

criterion set, behavioral, indicated more versatility amongst shared variance within the 

model than what was observed from the others.  Student’s algebraic proficiency 

explained 62.57% of the variance within the criterion model and math earned credits 

explained 33.82%.  The predictor model was predominantly explained by school 

belonging with a communality of 83.67%.  Interestingly algebraic proficiency earned 

credits, and school belonging all have a direct relationship with each other.  For 

instance, if school belonging were to increase by one unit, then algebraic proficiency 

and earned credit would tend to increase as well.  School climate may not be as 

influential in this model because it is an administrator’s perception of the school 
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environment whereas the other variables are the student’s perception; therefore, there 

is a higher chance that the other variables have better correlation. 

My hypothesis was of the two sets of dimensions, school belonging and 

algebraic proficiency would account for a substantial among the shared variance.  

While this model was not significant, school belonging (0.9147) and algebraic 

proficiency (0.7910) yielded much of the variance within their canonical sets.  From 

this study, I cannot validate Bandura’s postulates that the selection and production of 

environments can foster the continuation of behavioral traits such as careers or high 

assessments (Bandura, 1986).  This could be because of the weak correlation that was 

measured, and the necessity to expand and diversify the factors.  In hindsight, this 

study limited the deterministic probability of environmental to behavioral factors.  

Behavioral was an action at a specific moment, while the environmental factors 

examined an overall experience.  This result supports Alexander’s (2015) findings in 

which school belonging and algebraic proficiency showed no statistical significance in 

using a seemingly unrelated regression model. 

The fourth question from the dissertation asked what canonical variables (e.g. 

mathematical efficacy, mathematical identity, math credits earned, etc.) are necessary 

to understand the association between the sets of variables?  Based on the literature 

review, the hypothesis stated mathematical identity, mathematical self-efficacy, school 

belonging, algebraic proficiency, and math credits earned are all common variables 

to understand the associations influencing African American STEM enrollment.  This 

was partially true.  Amongst each of the analyses, this question was decided by 

whether the variable’s loadings were substantial for the variate; of these factors only 
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mathematical self-efficacy, school belonging, and algebraic proficiency were 

substantial for each CCA.  These results prove that there is a triadic reciprocal 

determinism that can explain African American high school students that are future 

STEM majors in the HSLS data.  Bandura (1986) declares self-efficacy is possibly the 

most influential aspects of self-knowledge in that it is central to agency.  This study 

supports the statement in which much of the expected variance within each of the 

personal models is associated with mathematical self-efficacy.  Self-efficacy is 

generative in that it implores cognitive, social, and behavioral tendencies to serve 

some purpose(s).  The interactions of these factors are worth further investigation. 

The last research question asked what is the best fit model for mathematical 

efficacy, mathematical identity, and algebraic proficiency?  Based on the literature 

review my hypothesis was the canonical correlation of personal and behavioral will 

be the best model.  This is true.  Using canonical correlation variance as a measure, 

personal-behavioral correlations yielded the most variance (13.33%) with a full model 

that was significant.  Self-efficacy may be one of the most important self-knowledge 

aspects that govern behaviors.  Through the governance of behavior, individuals can 

initiate agency within their environment.  Hence mathematical self-efficacy may just 

be the most important factor in this set. 

5.2 Discussion 

From this study, I was able to prove that triadic reciprocal determinism is a 

useful framework to implement for the understanding of African American students 

and becoming STEM majors.  While this is a “screenshot” of their perceptions prior to 

graduation it is useful in understanding how education and its stakeholders can 
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promote, recognize, empower, and transform potential STEM students.  The study 

recognizes there is a higher interest in mathematics for future STEM majors which can 

be cultivated as early as elementary school.  From there, educators can focus on 

developing mathematical self-efficacy and mathematical identity through project-

based activities incorporating STEM context. 

The Black mathematical identity is a dynamic aspect that is essential for self-

protection (i.e. personal), social anchoring (i.e. environmental), and social bridging 

(i.e. behavioral) (Cross, 1995; Martin, 2012; Owens, 2010). While mathematical 

identity was not as substantial as self-efficacy in this study, it is important to recognize 

that the Black mathematical identity was most useful toward the personal-behavioral 

CCA where proficiency was highly effective. Student math assessments start as early 

as second grade in some states due to NCLB and ESSA, and most college admissions 

recruit and admit students based on a standardized mathematics assessment, 

developing a healthy Black mathematical identity is most resourceful for longevity.  

From the literature review, several activities were suggested that incorporated math 

and STEM which can be revamped for the youth of all ages.  For example, primary-

level curriculums that incorporated coding could introduce Black children to the 

concepts of programming language in engaging activities like Code Karts or Minecraft 

to spark an interest in technical careers.   

While HSLS request information about other forms of identity (e.g. science), it 

lacks the ability to address the influences of race and racism.  It would be 

advantageous to quantitatively explore Black mathematics identity in the context of 

experiences, so for future research exploring variables about the classroom 
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environment (e.g. peer and teacher engagement) would be worthwhile.  Also, this 

study is limited in that it did not examine the influences of gender in relation to triadic 

causation.  This is possible, yet the sample may be too small to conduct a CCA.  This 

would require simulation and bootstrapping to perform a study that would contain the 

necessary power.  Young Black women in STEM are essential to the workforce, so 

maintaining their role in the field is crucial.  Future works should investigate the 

influences of females and if they are related to males.  Also, the frameworks I 

implemented are useful for minoritized groups, so the results of other populations 

would be educational to the academic community.  And HSLS offers a social 

economics factor that may suggest how psychological and environmental factors are 

related to agency. 

When I began selecting variables, I was interested in learning how students and 

administrators would relate.  Now, I have found administrative opinions were only 

influential to personal factors.  To increase the variance of the environmental-

behavioral study it would be useful to incorporate behavioral factors that examine 

class projects (just as the literature mentions) and environmental factors associated 

with the classroom for a more focused perspective of the “day-to-day” events.  This 

too lends credence to the importance of developing a healthy mathematical self-

efficacy and in accord with mathematical identity.  And assessments can perpetuate 

subtle racism (like pejorative comparative reports); seeing how other behavioral 

factors invoke agency would be opportune to learn about classroom activities and 

events that empower students to learn and succeed.  So, as research progresses for 

Black children, let it be with the intentions of continuously enlightening the culture, 
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empowering the next generation, and presenting a narrative that transforms the 

community through knowledge. 
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APPENDIX A 

IMPUTATION DIAGRAM 

 
Figure A.1 Density plot of the observed data (blue line) and imputed data (red line) 

indicating missing data is missing at random (MAR).  This is necessary to use mice 

package in R. 
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APPENDIX B  

SIGNIFANCE TEST RESULTS 

 

Table B.1 Wilks λ is a hierarchal statistical test reported for multivariate procedures 

(e.g. CCA).  The results indicate all the full models are significant besides 

environmental-behavioral. 

 

 Wilks’ λ Approx. F df1 df2 p-value 

Personal - Behavioral      

1:2 0.8665 6.2394 4 336 < 0.001 

2:2 0.9998 0.0377 1 169 0.8463 

Environmental - 

Personal 

     

1:2 0.9367 2.7933 4 336 < 0.05 

2:2 0.9988 0.2063 1 169 0.6503 

Environmental - 

Behavioral 

     

1:2 0.9730 1.1571 4 336 0.3296 

2:2 0.9986 0.2439 1 169 0.6220 
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APPENDIX C 

HELIOPLOTS 

 
Figure C.1 Helioplot of the canonical loadings for the first variate where personal is the 

predictor and behavioral is the criterion. 



Texas Tech University, Ramey II, December 2021 

94 

 
Figure C.2 Helioplot of the canonical correlation variances for the first variate where 

personal is the predictor and behavioral is the criterion. 
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Figure C.3 Helioplot of the canonical loadings for the first variate where 

environmental is the predictor and personal is the criterion. 
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Figure C.4 Helioplot of the canonical correlation variance for the first variate where 

environmental is the predictor and personal is the criterion. 
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Figure C.5 Helioplot of the canonical loadings for the first variate where 

environmental is the predictor and behavioral is the criterion. 
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Figure C.6 Helioplot of the canonical correlation variances for the first variate where 

environmental is the predictor and behavioral is the criterion. 
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APPENDIX D 

R SYNTAX 

 

rm(list=ls()) 

library(dplyr) 

library(magrittr) 

library(psych) 

library(tidyverse) 

library(ggplot2) 

library(lme4) 

 

# Define folders with locations --------------- 

# Here is where you can change the location of the "main folder"  

 

main.folder <- "C:/Users/cramey/Desktop/TechstatsDissFolder/" 

# R.folder <- paste0(main.folder, "R/") 

data.folder <- paste0(main.folder, "Data/") 

# dir.create(R.folder) 

# dir.create(data.folder) 

 

# Set directory and read data 

setwd(main.folder) 

getwd() 

dat <- read.csv(paste0(data.folder, 'HSLSStudent.csv')) 

as.data.frame(table(dat$X1RACE)) 

# nrow(raw.data) #Ans: 23503 

# ncol(raw.data) #Ans: 9614 

 

# Setup dataset for dissertation 

diss <- data.frame(dat[ ,c("STU_ID", "W1STUDENT", "W2STUDENT", 

                            "X1SEX", "X1SES", "X1MTHID", "X2MTHID", 

                            "X1SCHOOLBEL", "X1SCHOOLCLI", "X2SCHOOLCLI", 

                            "X1TXMTH", "X2TXMTH", "W2W1STU", "X1MTHEFF", 

                            "X2MTHEFF", "X3TCREDMAT")]) 

 

#write.csv(diss, 

"C:/Users/cramey/Desktop/TechstatsDissFolder/Data/Diss_Dataset.csv",  

#         row.names = TRUE) 

 

# Check to see if there is any missing data 

table(is.na(diss)) #This checks for all NA 

sum(is.na(diss$X1MTHID)) #None 

sum(is.na(diss$X2MTHID)) #None 

sum(is.na(diss$X1SCHOOLBEL)) #None 
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sum(is.na(diss$X1SCHOOLCLI)) #None 

sum(is.na(diss$X2SCHOOLCLI)) #None 

sum(is.na(diss$X1TXMTH)) #None 

sum(is.na(diss$X2TXMTH)) #None 

sum(is.na(diss$X1MTHEFF)) #None 

sum(is.na(diss$X2MTHEFF)) #None 

sum(is.na(diss$X3TCREDMAT)) #None 

# According to the data there are no NAs,  

# however when data are missing in HSLS, negative value reserve codes are 

# used to indicate why the item is missing.  (-1) is "Don't Know" within 

# continuous variables; any after that is not available (see p. 136 of  

# Transcipt Data Documentary for more details). 

 

################## Imputation ################## 

library(mice) 

library(lattice) 

library(VIM) 

 

# Create dataset with NA values 

 

dat4 <- data.frame(dat[,c("X1SEX", "X1SES", "X1MTHID", "X2MTHID", 

                         "X1SCHOOLBEL", "X1SCHOOLCLI", "X2SCHOOLCLI", 

                         "X1TXMTH", "X2TXMTH", "X1MTHEFF", 

                         "X2MTHEFF", "X3TC5REDMAT")]) 

 

which(dat4$X1SES < -2) 

dat4[c(26,    29,    32,    44,    53, 

       55,    71,    76,    77,    96, 

       116,   141,   153,   166,   168, 

       172,   173), c('X1SES')] 

 

SEX <- as.numeric(replace(dat4$X1SEX, dat4$X1SEX < 0, NA)) 

SES <- replace(dat4$X1SES, dat4$X1SES < -3, NA) 

X1MTHID <- replace(dat4$X1MTHID, dat4$X1MTHID < -2, NA) 

X2MTHID <- replace(dat4$X2MTHID, dat4$X2MTHID < -2, NA) 

X1MTHEFF <- replace(dat4$X1MTHEFF, dat4$X1MTHEFF < -2, NA) 

X2MTHEFF <- replace(dat4$X2MTHEFF, dat4$X2MTHEFF < -2, NA) 

X1SCHOOLCLI <- replace(dat4$X1SCHOOLCLI, dat4$X1SCHOOLCLI < -4, NA) 

X2SCHOOLCLI <- replace(dat4$X2SCHOOLCLI, dat4$X2SCHOOLCLI < -4, NA) 

X1SCHOOLBEL <- replace(dat4$X1SCHOOLBEL, dat4$X1SCHOOLBEL < -4, 

NA) 

X1TXMTH <- replace(dat4$X1TXMTH, dat4$X1TXMTH < -3, NA) 

X2TXMTH <- replace(dat4$X2TXMTH, dat4$X2TXMTH < -3, NA) 

X3TCREDMAT <- replace(dat4$X3TCREDMAT, dat4$X3TCREDMAT < 0, NA) 

dat5 <- data.frame(SEX,SES, 
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                   X1MTHID,X2MTHID,X1MTHEFF,X2MTHEFF, 

                   X1SCHOOLBEL,X1SCHOOLCLI,X2SCHOOLCLI, 

                   X3TCREDMAT,X1TXMTH,X2TXMTH) 

head(dat5) 

 

md.pattern(dat5) 

# This function output shows the pattern of present (1) and missing (0), for instance 

# the first row states 8537 rows have completed sets and the second row states 2243 

rows 

# have all but X2SCHOOLCLI completed. Et al.... 

 

dat5_miss = aggr(dat5, col = mdc(1:2), numbers = TRUE, sortVars = TRUE, 

                 labels = names(dat5), cex.axis = 0.7, gap = 3,  

                 ylab = c("Proportion of missingness", "Missingness Pattern")) 

# X2SCHOOLCLI has the most missing data, followowed by X1MTHEFF and 

X1SCHOOLCLI - they are all between  20 - 30% 

# Between 10 - 20% of missing data is X2MTHEFF,X2MTHID, X2TXMTH, and 

X1SCHOOLBEL. 

# Less than 10% is X1MTHID, SES, X1TXMTH, and X2CREDMAT 

# SEX was the ony variabl with no missing data. 

 

marginplot(dat5[,c('X1MTHEFF', 'X1MTHID')], col = mdc(1:2), cex.numbers = 1.2, 

pch = 19) 

# The red plot indicates distribution of one feature when it is missing 

# The blue box is the distribution of all others when the feature is present 

# If the plots are identical then that would indicate MCAR 

# However this plot shows that they are NOT identical, therefore MAR and mice 

package can be used. 

 

mice_imputes = mice(dat5, m = 5, maxit = 40) 

mice_imputes$method 

# m = 5 indicates the number of imputed datasets. 

# And there are 40 iterations for every dataset 

# Predictive Mean Matching (PMM) was used for all the variables 

 

mice_imputes$imp #To look at the imputed data 

densityplot(mice_imputes) 

# Just like the marginplot, the red imputed values are similar to the blue imputed 

values for them 

# to be MAR. 

 

imputed_data = complete(mice_imputes, 5) 

head(imputed_data) 
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#### Demographic information 

stu_id <- data.frame(dat[,c('STU_ID','X1RACE','X4RFDGMJSTEM', 

                            'W1STUDENT','W2STUDENT','W2W1STU')]) 

# Merge student info with cleaned data to create sample set 

dat6 <- cbind(stu_id,imputed_data) 

labels(dat6) 

 

# African Americans(AA), STEM Majors 

dat1 <- dat6 

dat1 <- dat1[dat1$X1RACE == 3,] #disaggregate to create a dataset for AA only 

dat1STEM <- dat1[dat1$X4RFDGMJSTEM == 1,] #disaggregate to create a dataset 

for AA STEM majors only 

as.data.frame(table(dat1STEM$SEX)) #table of gender, "1 = male", "2 = female" 

head(dat1STEM) 

summary(dat1STEM) 

 

#Change Sex to Female is 1 and Male is 0 

diss <- dat1STEM 

diss$SEX[diss$SEX == 1] <- 0 #Male 

diss$SEX[diss$SEX == 2] <- 1 #Female 

summary(diss$SEX) 

summary(diss) 

describe(diss) #The description looks good 

 

write.csv(diss, 

"C:/Users/cramey/Desktop/TechstatsDissFolder/Data/Diss_Dataset.csv",  

         row.names = TRUE) 

 

######## Canonical Correlation Analysis 

Library(CCA) 

 

#### CCA results based on matrix algebra calculations (Everitt, 2005) 

# Find all the matrices necessary for calculating the canonical variates and canonical 

correlations 

R11 <- cor(personal) 

R22 <- cor(behavioral) 

R12 <- c(cor(personal[,1], behavioral[,1]), 

         cor(personal[,1], behavioral[,2]), 

         cor(personal[,2], behavioral[,1]), 

         cor(personal[,2], behavioral[,2])) 

R12 <- matrix(R12, ncol =2, byrow = TRUE) 

R21 <- t(R12) 

E1  <- solve(R11) %*% R12 %*% solve(R22) %*% R21 

E2  <- solve(R22) %*% R21 %*% solve(R11) %*% R12 
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E1 

eigen(E1) 

can_cor1 <- print(sqrt(eigen(E1)$values[1])) #This is the canonical correlation for  

 

E2 

eigen(E2) 

 

cor(personal,behavioral) 

cor(personal, personal) 

cor(behavioral, behavioral) 

 

##### Personal/Behavioral Canonical Coefficients and Correlations 

R11 <- can_cor2_pb$corr.X.xscores #personal 

R12 <- can_cor2_pb$corr.X.yscores  

R21 <-  t(R12) 

R22 <- can_cor2_pb$corr.Y.yscores #behavioral 

E1  <- solve(R11) %*% R12 %*% solve(R22) %*% R21 

eigen(E1) 

E2 <- solve(R22)%*%R21%*%solve(R11)%*%R12 

eigen(E2) 

 

#### Environmental/Personal Canonical Coefficients and Correlations 

R11 <- can_cor2_ep$corr.X.xscores #environmental 

R12 <- can_cor2_ep$corr.X.yscores 

R21 <-  t(R12) 

R22 <- can_cor2_ep$corr.Y.yscores #personal 

E1  <- solve(R11) %*% R12 %*% solve(R22) %*% R21 

eigen(E1) 

E2 <- solve(R22)%*%R21%*%solve(R11)%*%R12 

eigen(E2) 

 

#### Environmental/Behavioral Canonical Coefficients and Correlations 

 

r11 <- cor(personal) 

r22 <- cor(behavioral) 

r12 <- c(cor(personal[,1],behavioral[,1]), 

         cor(personal[,1],behavioral[,2]), 

         cor(personal[,2],behavioral[,1]), 

         cor(personal[,2],behavioral[,2])) 

r12 <- matrix(r12, ncol = 2, byrow = TRUE) 

r21 <- t(r12) 

E1  <- solve(r11) %*% r12 %*% solve(r22) %*% r21 

eigen(E1) 

E2 <- solve(r22) %*% r21 %*% solve(r11) %*% r12 

eigen(E2) 
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r11 <- cor(environmental) 

r22 <- cor(personal) 

r12 <- c(cor(environmental[,1], personal[,1]), 

         cor(environmental[,1], personal[,2]), 

         cor(environmental[,2], personal[,1]), 

         cor(environmental[,2], personal[,2])) 

r12 <- matrix(r12, ncol = 2, byrow = TRUE) 

r21 <- t(r12) 

E1  <- solve(r11) %*% r12 %*% solve(r22) %*% r21 

eigen(E1) 

E2 <- solve(r22) %*% r21 %*% solve(r11) %*% r12 

eigen(E2) 

 

r11 <- cor(environmental) 

r22 <- cor(behavioral) 

r12 <- c(cor(environmental[,1], behavioral[,1]), 

         cor(environmental[,1], behavioral[,2]), 

         cor(environmental[,2], behavioral[,1]), 

         cor(environmental[,2], behavioral[,2])) 

r12 <- matrix(r12, ncol = 2, byrow = TRUE) 

r21 <- t(r12) 

E1  <- solve(r11) %*% r12 %*% solve(r22) %*% r21 

eigen(E1) 

E2 <- solve(r22) %*% r21 %*% solve(r11) %*% r12 

eigen(E2) 

 

#### CCA analysis using yacca package 

library(yacca) 

cancor_pb <- cca(personal, behavioral) 

cancor_ep <- cca(environmental, personal) 

cancor_eb <- cca(environmental, behavioral) 

 

F.test.cca(cancor_pb) 

F.test.cca(cancor_ep) 

F.test.cca(cancor_eb) 

 

helio.plot(cancor_pb, x.name = "Personal", y.name = "Behavioral",type = "variance", 

sub = paste("Covariate 1: Canonical Correlation Variances")) 

helio.plot(cancor_pb, x.name = "Personal", y.name = "Behavioral",type = 

"correlation", sub = paste("Covariate 1: Canonical Loadings")) 

helio.plot(cancor_ep, x.name = "Environmental", y.name = "Personal", type = 

"variance", sub = "Covariate 1: Canonical Correlation Variances") 

helio.plot(cancor_ep, x.name = "Environmental", y.name = "Personal", type = 

"correlation", sub = "Covariate 1: Canonical Loadings") 
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helio.plot(cancor_eb, x.name = "Environmental", y.name = "Behavioral", type = 

"variance", sub = "Covariate 1: Canonical Correlation Variances") 

helio.plot(cancor_eb, x.name = "Environmental", y.name = "Behavioral", type = 

"variance", sub = "Covariate 1: Canonical Loadings") 

 

 

##### Variable Description 

diss <- data.frame(diss) 

diss_description <- psych::describe(diss) 

 

write.csv(diss_description, 

"C:/Users/cramey/Desktop/TechstatsDissFolder/Data/Diss_Description.csv", 

          row.names = TRUE) 

 

dat7 <- dat6 

dat7 <- dat7[dat7$X1RACE == 3,] 

table(data.frame(dat7$X4RFDGMJSTEM)) 

target <- c(-9, -8, -7, -1, 0) 

dat7 <- dat7 %>% 

  filter(X4RFDGMJSTEM %in% target) 

 

diss_description2 <- psych::describe(dat7) 

write.csv(diss_description2, 

"C:/Users/cramey/Desktop/TechstatsDissFolder/Data/Diss_Description2.csv", 

          row.names = TRUE) 

 

table(data.frame(diss$X3TCREDMAT)) 

table(data.frame(dat7$X3TCREDMAT)) 

summary(diss$X3TCREDMAT) 


