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Abstract Framed by expectancy-value theory (which
posits that beliefs about and the subjective valuation of a
domain predict achievement and decision-making in that
domain), this study examined the relationships among
teacher differential treatment and relevant math instruction
on African American students’ self-concept of math ability,
math task value, and math achievement. These questions
were examined by applying structural equation modeling to
618 African American youth (45.6 % female) followed
from 7th to 11th grade in the Maryland Adolescent
Development in Context Study. While controlling for
gender and prior math achievement, relevant math
instruction promoted and teacher differential treatment
corroded students’ math beliefs and achievement over time.
Further, teacher discrimination undermined students’ per-
ceptions of their teachers, a mediating process under-ex-
amined in previous inquiry. These findings suggest policy
and practice levers to narrow opportunity gaps, as well as
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foster math achievement and science, technology, engi-
neering and math success.

Keywords Math - Expectancy value theory - African
Americans - Adolescents - Structural equation modeling

Introduction

Students’ beliefs about their math ability and the impor-
tance they place upon math both play key roles in science,
technology, engineering and mathematics (STEM)
achievement and occupational decision-making (e.g.,
Adelman 1999; Wang and Degol 2013). Expectancy-value
theory frames student motivation and academic success as
largely predicted by academic self-concept (i.e., domain-
specific beliefs about ability) and task value (i.e., the
subjective importance of a task) (e.g., Eccles and Wigfield
2002). As students navigate academic contexts, changes in
self-concept of math ability, math task value, and math
achievement have been linked to teachers’ practices and
social interactions (Urdan and Schoenfelder 2006). Stu-
dent—teacher interactions can play a promotive or corrosive
role in motivating students and enhancing achievement
(Eccles and Roeser 2011; Watt 2006). This study examines
the role of “relevant math instruction,” or math teachers’
emphases upon making lessons interesting and the useful-
ness of math for students’ everyday life. While research has
established the relationships between these math teaching
practices and student math-related beliefs (e.g., Watt
2004), there is less known about whether relevant math
instruction fosters these same outcomes among African
American students (Eccles 2005; Okeke et al. 2009).
Furthermore, for students of color, the school racial
climate—conceptualized here as students’ perceptions that
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students of different racial/ethnic groups are treated equally
by school personnel (e.g., Benner and Graham 2013)—may
have particularly strong implications for students’ math
beliefs and achievement (Eccles 2005; Graham 1994). The
extant literature has understandably focused on first
establishing linkages between differential treatment by race
and general academic beliefs and outcomes among students
of color (e.g., Benner et al. 2015; Chavous et al. 2008).
This study advances this literature by examining whether
African American students’ experiences of unequal treat-
ment based on race by their teachers matters for student
outcomes in math. Thus, we will focus on math beliefs and
achievement (domain-specific), as compared with prior
research that examines academic beliefs and achievement
more broadly (domain-general).

From an equity perspective, African American students
exhibit lower levels of math achievement than other racial/
ethnic groups—which is caused by multiple intersecting
factors—yet necessitates further understanding of predic-
tors of African American students’ math achievement
(McGee and Martin 2011). African American students are
also underrepresented in STEM fields and encounter
stereotypes that undermine their math achievement (Wang
and Degol 2013). Understanding how relevant math
instruction and school racial climates promote or corrode
math beliefs and achievement, therefore, also has impli-
cations for issues of equity and justice.

These issues are examined longitudinally (i.e., from
seventh to eleventh grade) among a sample of African
American students from Prince George’s County, Maryland.
This county provides a unique context to study school racial
climate and African American math achievement because
the socioeconomic status of African American and White
families in Prince George’s County is relatively comparable,
which avoids confounding race and social class (Gutman
et al., in press). Prince George’s County also had relatively
high proportions of African American teachers (36 %) and
students (67 %), which is a distinct demographic represen-
tation from predominantly White or predominantly African
American and Latino/a schools (Cook et al. 2002).

Specifically, this study examines the roles of relevant
math instruction and school racial climate in self-concept of
math ability, math task value, and math achievement among
African American students. Before delving into specifics of
the model tested, we first detail the theoretical framework
and literature related to key constructs in this study.

Theoretical Framework: Expectancy-Value Model
This study is grounded in the expectancy-value framework

(Eccles 1994; Eccles and Wigfield 2002). We examine
student self-concept of math ability and math task value

beliefs because of their importance of math for academic
success (in general) and for STEM success (in particular)
(Adelman 1999; Frank et al. 2008; Simpkins et al. 2006).
The expectancy-value model also provides conceptual
space to integrate relevant math instruction and school
racial climates—which correspond to the “socializers’
beliefs and behaviors” and “cultural milieu” components
of the expectancy-value model—and serve as precursors of
self-concept of math ability, task value, and achievement
(Eccles 1994). Eccles (2005) emphasized the importance of
context and culture in academic beliefs and achievement:
“We believe, however, that these [achievement-related]
choices are heavily influenced by socialization pressures
and cultural norms” (p. 10). Thus, the expectancy-value
framework is well-suited to address our research questions
(Wigfield et al. 2015). This study examines how student
beliefs are related to interactions with their teachers as part
of the classroom context.

Student Motivational Beliefs
Self-Concept of Math Ability

Self-concepts of ability, or beliefs about one’s competency
in a given domain, play key roles in achievement and in
educational/occupational decision-making in the expec-
tancy-value framework (Eccles 1994; Eccles and Wigfield
2002; Wang and Degol 2013). Self-concepts of ability, like
self-efficacy beliefs, are domain-specific—youth have dif-
ferentiated self-concepts of ability for math versus reading,
for example (Davis-Kean et al. 2008; Sainz and Eccles
2012). These self-concepts of ability become less inflated
by undue optimism over time, as youth experience
increased competition and are better able to compare their
abilities to others (i.e., they make external comparisons)
and to their own abilities in other domains (i.e., they make
internal comparisons) (Denissen et al. 2007; Jacobs et al.
2002). Self-concept of math ability is also a strong pre-
dictor of math achievement (Denissen et al. 2007; Simp-
kins and Davis-Kean 2005; Wang and Degol 2013), as
evidenced by cross-lagged relationships between self-con-
cept of math ability and math achievement 2 years later
(Marsh et al. 2005).

Students’ ability beliefs are theoretically distinct from
other self-beliefs, such as beliefs about the likelihood of
future success in that same domain (i.e., expectancies) as
well as beliefs about whether efforts in that domain will
produce an intended outcome (i.e., outcome expectations),
in social cognitive theories (e.g., Pajares 1996; Eccles and
Wigfield 2002). Presumably, these theoretically distinct sets
of self-beliefs are influenced by a more global sense of self
within that domain (Eccles et al. 1983). Although these
concepts are delineated theoretically, empirically self-
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concept of ability and expectancies are nearly indistin-
guishable (Eccles and Wigfield 1995). In this study, we
aim to extend prior work by examining factors related to
self-concept of math ability among African American
students.

Math Task Value

According to the expectancy-value framework, subjective
task value encompasses beliefs about how important,
interesting, useful, or costly a domain is (Eccles et al.
1983). A key dimension of task value represents the sub-
jective valuation of a particular domain, or how much one
values or places importance upon an achievement-related
domain, such as mathematics (Gaspard et al. 2015; Watt
2006; Wigfield and Eccles 1992; Wigfield 1994). Task
values are domain-specific (e.g., one has a perceived task
value for math vs. for sports) and are predictive of choices
and achievement in that domain. For example, math task
value was predictive of math course enrollment in previous
correlational research (Meece et al. 1990; Simpkins and
Davis-Kean 2005; Watt 2004, 2006; Wong et al. 2003).
Relatedly, field experiments fostering students’ science
utility value led to subsequent increases in science
achievement (Hulleman and Harackiewicz 2009; Hulleman
et al. 2010).

Scholars are conceptually and empirically delineating
the four specific dimensions believed to underlie subjective
task value: intrinsic value (i.e., task is interesting or
enjoyable), attainment value (i.e., task aligns with self-
schema and/or core personal values), utility value (i.e., task
is instrumental for reaching future goals), and cost (i.e.,
task has anticipated negative consequences) (Canning and
Harackiewicz 2015; Durik et al. 2006; Trautwein et al.
2012; Eccles and Wigfield 2002). Yet, the importance or
significance of a task is thematic across the first three of
these four specific dimensions (i.e., perceived cost is
weighed against the subjective importance or significance
of intrinsic, attainment, and utility value). While
acknowledging the importance of this specificity (an issue
returned to in the Limitations section), this study is guided
by a more thematic conception of subjective task value,
emphasizing importance.

To extend prior work, we seek to identify how contex-
tual factors, namely student—teacher interactions, con-
tribute to perceptions of subjective task value among
African American students over time. Self-concepts of
ability are theorized to be predictive of subjective task
value within the expectancy-value framework, a notion that
has received strong empirical support (e.g., Jacobs et al.
2002; Meece et al. 1990). Our study, therefore, examines
how contextual factors relate to these relationships over
time for African American students.

@ Springer

School and Classroom Contexts: Relevant Math
Instruction

In the expectancy-value framework, teachers play a critical
role in the development of students’ self-concepts of ability
and subjective valuation of academic domains (Eccles
1994; Wang and Degol 2013). Relevant math instruction is
conceptualized here as the teacher’s emphases, throughout
the school year, upon making math lessons interesting and
relevant to everyday life. The mathematics education and
achievement motivation literatures have considered rele-
vant math instruction as a key dimension of the broader
authentic math instruction umbrella (Newman and Weh-
lage 1993; Wang and Eccles 2014). Fostering students’
interest in math and emphasizing the relevance of math for
everyday life has been associated with students’ percep-
tions of math ability and math task value (Wang and Eccles
2014; Watts 2004; Wigfield and Eccles 2000).

Relevance interventions, which are designed to foster
the personal relevance of an academic domain and,
thereby, foster motivation and achievement, offer insights
into the potential benefits of relevant math instruction:
“Making science courses personally relevant and mean-
ingful may engage students in the learning process, enable
them to identify with future science careers, foster the
development of interest, and promote science-related aca-
demic choices (e.g., course enrollment and pursuit of
advanced degrees) and career paths” (Hulleman and
Harackiewicz 2009, p. 1411). Other field experiments
demonstrate that increasing the personal relevance of math
is an effective strategy for fostering math task value
(Gaspard et al. 2015). While relevance interventions have
some key distinctions from teacher instruction, such as
duration (i.e., generally “one-shot” interventions in field
experiments vs. year-long teacher instructional emphases),
this line of inquiry informs our conceptualization of rele-
vant math instruction.

School Racial Climates and General Academic
Outcomes

Broadly, school racial climate refers to “school settings’
norms and values around race and interracial interactions”
(Byrd and Chavous 2011, p. 850). While school racial
climate encompasses multiple dimensions, this study
focuses on one critical element: how teachers and school
personnel interact with students of color. One reason for
this focus is that teachers’ contributions to school racial
climate are more proximal to students’ beliefs and
achievement than more distal dimensions of school racial
climate (i.e., aggregated student perceptions of the overall
school climate; Eccles 1994; Eccles and Roeser 2011). This
study, therefore, examines the role of teachers in school
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racial climates; specifically, the impacts of treating stu-
dents differently on the basis of race (Chavous 2005; Green
et al. 1988).

Relatedly, in the expectancy-value model, teachers are
an important determinant of competence beliefs, values,
and achievement (e.g., Eccles 1994). Teachers’ discrim-
ination severs bonds of students to school and to
schooling, undermining the belonging, trust, and con-
nectedness that foster positive academic outcomes and
student well-being (Benner et al. 2015; Eccles and Roeser
2011). Thus, teachers’ racially discriminatory behaviors
may corrode students’ academic beliefs, values and
achievement (e.g., Eccles and Roeser 2011; Wang and
Degol 2013). Negative school racial climates (character-
ized by higher rates of teacher discrimination) have been
associated with lower levels of academic beliefs and
performance among students of color (Benner and Gra-
ham 2013; Byrd and Chavous 2011; Chavous et al. 2008;
Green et al. 1988; Ryan and Patrick 2001). Further, ear-
lier work has observed that more positive school racial
climates (in this case, school-level aggregated perceptions
of climate) were associated with increases in academic
self-efficacy among African American students (Green
et al. 1988).

The Current Study

Previous scholarship suggests that relevant instruction
promotes, and teacher differential treatment corrodes,
domain-general academic beliefs and achievement (e.g.,
Benner and Graham 2013; Byrd and Chavous 2011;
Newmann and Wehlage 1993). This study advances these
literatures in two important ways. First, while relevant
instruction is associated with academic beliefs and out-
comes among predominantly White students (e.g., New-
mann and Wehlage 1993; Wang and Eccles 2014), we do
not know whether relevant instruction plays the same
promotive role among African American students. Sec-
ondly, we do not know whether previously identified
domain-general effects of teacher differential treatment
play a similar role in domain-specific math beliefs, values,
and achievement, particularly among African American
students. Presumably, corrosive impacts of school racial
climate on general academic beliefs and performance also
hold true for math-specific beliefs, values, and achieve-
ment. According to the expectancy-value model, socializ-
ing experiences, cultural contexts, and barriers to
opportunity affect the development of self-concepts and
task valuation (Eccles 1994; Wang and Degol 2013).
Accordingly, positive school racial climates may promote
self-concept of math ability and math task value while
negative school racial climates may diminish self-concept

of math ability and math task value. These patterns are
expected to be more pronounced among African American
students, who encounter racialized barriers to the devel-
opment of competence beliefs and the valuation of math
(Simpkins and Davis-Kean 2005; Watt 2004). Further,
social influences are particularly pronounced in STEM
beliefs and performance (Frank et al. 2008; Wang and
Degol 2013), perhaps in part because STEM domains are
more stereotyped than other academic domains and/or
because of the underrepresentation of people of color in
many STEM fields.

This study, therefore, examines the impacts of teacher
differential treatment—disciplining students differently on
the basis of race, holding lower expectations for students of
color, grading students of color more harshly—a key
component of school racial climates in school racial cli-
mate instrument validation studies (e.g., Green et al. 1988)
and recent studies associating school racial climates to
academic outcomes (e.g., Benner and Graham 2013; Cha-
vous et al. 2008).

We used structural equation modeling (SEM) to test
hypothesized relationships among teacher differential
treatment, relevant math instruction, self-concept of math
ability, math task value, and math achievement outcomes
among African American adolescents followed longitudi-
nally. Math outcomes were measured by adolescents’ final
math grade in 8th grade, as well as 9th grade Maryland
Math standardized achievement scores (detailed further
below).

Figure 1 displays the hypothesized paths between the
constructs of interest, which are reviewed here. Begin-
ning from the left of the figure (wave three, or 8th
grade), teachers’ differential treatment is hypothesized
to negatively predict relevant math instruction (in
that student perceptions of teacher discrimination are
hypothesized to undermine student perceptions of rele-
vant math instruction), math grades, self-concept of math
ability, math task value, and 9th grade Maryland Math
scores. Relevant math instruction is hypothesized to
positively predict self-concept of math ability, math task
value, 8th grade math grades, and 9th grade Maryland
Math scores.

Math task value and self-concept of math ability are
hypothesized to have positive autoregressive relationships
between 8th and 11th grade. Relevant math instruction and
teacher differential treatment are also measured at 8th and
11th grade, yet as these students transitioned from middle
to high school and to a new set of teachers, no autore-
gressive relations were specified between these measures.
The same relationships among teacher differential treat-
ment, relevant math instruction, and self-concept of math
ability and math task value at 8th grade are also hypothe-
sized in 11th grade.
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Fig. 1 Hypothesized relations among constructs

Prior academic achievement (i.e., 7th grade math
grades) was modeled as a lagged control, and participants’
gender was statistically controlled for as well. For clarity,
these paths are not depicted in the figure. This lagged
measure of math achievement is an ideal control for the
later math achievement measures (as well as for other
academic constructs) in that it reduces bias in the predic-
tion of the outcome measures and increases confidence in
the robustness of inferences drawn (Steiner et al. 2010).
While not yielding causal inferences, this strategy (coupled
with other approaches that are detailed below) enhances
confidence in the inferences drawn from this study.

Methods
Data Source

This study analyzed data from the longitudinal Maryland
Adolescent Development in Context Study (MADICS).
MADICS sampled children from all 23 public middle
schools in Prince George’s County, Maryland, a racially and
socioeconomically diverse county outside of Washington,
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D.C. MADICS is unique in that it sampled African Ameri-
can and White families with comparable levels of socioe-
conomic status, which affords comparisons across racial
groups without confounding social class (Gutman et al., in
press). At the time of the MADICS study, 36 % of teachers
and 67 % of students in Prince George’s County self-iden-
tified as African American (Cook et al. 2002).

MADICS began with a sample of 1482 seventh graders
at wave 1 in the fall of 1991. This study focuses on data
from waves 3 (collected at the end of students’ 8th grade in
1993) and 4 (fall of 11th grade in 1996). Waves 3 and 4
were examined because they richly measured youths’
perceptions of race, their schools, and their academic
abilities.

At Wave 3, the MADICS sample included 1065 ado-
lescents who self-identified as African American (n = 618;
58 %), White (n = 331; 31 %), or as bi-racial or a member
of another minority group (n = 105; 10 %). The sample
contained more male (n = 336; 54.4 %) than female par-
ticipants (n = 282; 45.6 %). Because of our substantive
focus on the impacts of school racial climates on math
beliefs and achievement, only the African American sub-
sample (n = 618) was examined.
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General Methodological Approach

SEM simultaneously estimates relations among constructs
while adjusting for measurement error and precisely eval-
uates how well complex models fit the data (Kline 2010).
SEM is particularly useful in secondary analyses, where all
aspects of a latent construct may not be measured but
available indicators can represent that construct. SEM was
used to examine how indicators load onto constructs before
modeling relations among constructs, to specify and
account for measurement error, and to precisely (in that
measurement error is better accounted for in latent variable
modeling, yielding less biased estimates) test direct and
indirect (i.e., mediated) relations (Kline 2010).

The amount of missingness present in these data is
detailed in Table 1. All SEM analyses were analyzed under
full information maximum likelihood (FIML) conditions,
which makes use of all existing data points in analyses,
instead of deleting cases listwise or pairwise, an efficient
missing data strategy that maximizes effective sample size
and statistical power for analyses (Enders 2010). These
analyses also included auxiliary variables, which are likely
predictors of missing data and attrition (e.g., they measure
plausible missingness mechanisms) yet are not directly
modeled as predictors or outcome variables. Instead, aux-
iliary variables “are on the sideline”—they correlate with
each other and also predict the residual terms of observed
variables in the model (Enders 2010). Auxiliary variables
in these analyses included [a] standardized 5th grade Cal-
ifornia Achievement Test math scores, [b] number of
school absences in 7th grade, [c] self-reported likelihood
respondent will get involved with drugs later in life,
[d] self-reported likelihood respondent will get in trouble
with the police later in life, and [e] parental educational
attainment (a common measure of household SES; see
Diemer et al. 2013). Modeling these as auxiliary variables
increases the power of analyses, in that bias due to miss-
ingness is attenuated—in addition to accounting for likely
predictors of attrition (Muthén and Muthén 2010). It also
increases the likelihood of missingness being missing at
random (MAR) instead of missing not at random (MNAR),
in that likely missingness mechanisms, or sources of
attrition (i.e., low achievement, frequent school absences,
parental SES, and risky/criminal behavior) are modeled as
observed predictors of missingness instead of remaining
unobserved sources of bias (Enders 2010).

Measures

Each measure is briefly reviewed below; further detail
about each latent construct, observed items, the wording of
and response options for each item, and descriptive data is
provided in Table 1.

Relevant Math Instruction

Relevant math instruction was measured by student per-
ceptions of how personally meaningful and relevant they
perceive their math curriculum to be, consistent with
classic (Newmann and Wehlage 1993) and contemporary
formulations (Wang and Eccles 2014) of relevant instruc-
tion. Student perceptions of instruction are less likely to be
influenced by social desirability than teacher perceptions
(e.g., teachers might report more favorably on their own
teaching practices than student reports of their teacher’s
practice), and are therefore likely more accurate measures
(DeVellis 2003). As depicted in Table 1, the internal
consistency of relevant math instruction was acceptable, as
measured by Cronbach’s alpha. Yet Cronbach’s alpha is a
misleading estimate of internal consistency (i.e., it is
downwardly biased) when a measure consists of few items,
because the calculation of alpha is overly sensitive to the
number of items in a measure (Clark and Watson 1995;
DeVellis 2003). Mean inter-item correlations, which pro-
vide more accurate estimates of internal consistency that
are not biased by the number of items per measure, are
therefore also reported. Generally, good mean inter-item
correlation values range from .15 to .50; larger values
reflect higher levels of internal consistency (Clark and
Watson 1995). The mean inter-item correlations for rele-
vant math instruction suggest high levels of internal con-
sistency (i.e., .52 at wave 3 and .49 at wave 4).

Self-Concept of Math Ability

Self-concept of math ability represents beliefs regarding
one’s math ability, and was measured by three Likert-type
items that are consistent with previous measures of self-
concept of academic ability (Denissen et al. 2007; Jacobs
et al. 2002; Marsh et al. 2005; Simpkins et al. 2006). As
depicted in Table 1, self-concept of math ability was quite
internally consistent (as measured by Cronbach alpha and
mean inter-item correlations).

Math Task Value

One item measured youths’ math task value, which refers
to the subjective valuation of math from the expectancy-
value framework (Eccles and Wigfield 1995; Watt 2006).
Math task value was modeled as an observed indicator in
analyses, and as such could not be included in the mea-
surement model (reported below).

Teacher Differential Treatment

Five items measured students’ perceptions of differential
treatment by teachers (and secondarily, school counselors),

@ Springer



1214

J Youth Adolescence (2016) 45:1208-1225

Table 1 Descriptive statistics for variables and observed indicators

Variables/indicators and descriptions 8th grade wave 3 11th grade wave 4
M SD % o Ic M SD % o Inc
Missing Missing

Self-concept of math ability
Scale 1-7, example 1 = not at all good to 7 = very
good
v35170/v46038: How good are you in math? 5.07 159
v35173/v46041: Compared to other kids your age 5.1 1.44
how well do you do in math?
v35181/v46049: Compared to other kids your age 546 132
how well do you expect to do next year in math?
Relevant math instruction
Scale 1-5, all 1 = almost never to 5 = always
v35135/v46271: How often does your math teacher 326 1.22
use examples that are interesting to you?
v35137/v46273: How often do you learn things in 334 122
math that help you with your everyday life?
Task value (1 item)
Scale 1-7, all 1 = much less important... 7 = much
more important...

v35177/v46045: Compared to other kids your age, 529 144
how important are each of the following activities
to you: math?

Perceived differential treatment by race
Scale 1-5, all 1 = almost never to 5 = always

v35195/v46327 How often do you feel that 1.84 1.12
teachers call on you less often than they call on
other kids because of your race?

v35196/v46328 How often do you feel that 1.69 1.06
teachers grade you harder than they grade other
kids because of your race?

v35197/v46329 How often do you feel that you get 1.85 1.17
disciplined more harshly be teachers than other
kids do because of your race?

v35198/v46330 How often do you feel that 1.67  1.06
teachers think you are less smart than you really
are because of your race?

v35200/v46331 How often have you felt that 1.53  0.96
teachers/counselors discourage you from taking
certain classes because of your race?

Math grade 7th grade (1 item)

Scale 1-5 337  1.03
Math grade Sth grade (1 item)

Scale 1-5 323 094
Maryland (MD) math achievement—9th grade (1 item)

Range 273-421 346.69 26.75

0.79 0.56 0.82 0.61
1.6 464 1.66 222
1.6 486 148 293
1.1 547 133 225

0.68 0.56 0.66 0.49
1.3 3.08 127 31.7
1.6 277 124 316

N/A N/A N/A N/A

1.3 496 1.55 29.1

0.88 0.6 0.88 0.6
1.3 143 0.86 29.3
1.6 1.4 082 293
1.3 148 0.87 294
1.3 1.48 0.85 293
1.6 1.34 079 293

4.0

14.0

21.0

1IC mean inter-item correlation

on the basis of race. These items were used in previous
research to measure students’ perceptions of teacher dis-
crimination (e.g., Chavous et al. 2008; Rapa and Diemer
2016; Wong et al. 2003) and are quite similar to the “Equal
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Status” subscale of the School Interracial Climate Scale
(Green et al. 1988), which was informed by intergroup
contact theory. The internal consistency of these five items
was quite strong, as depicted in Table 1.
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Math Achievement

Math achievement during seventh (MADICS wave one)
and eighth grade (MADICS wave three) was measured by
cumulative math grade for that academic year (on a 1-5
scale). Math grades were obtained from school records.
The wave one (7th grade) math achievement measure
preceded the wave three (8th grade) and wave four (11th
grade) constructs of interest, and therefore wave one math
achievement is modeled as a prior control variable in the
structural model (please see Fig. 1). Modeling lagged
achievement is a particularly strong strategy for addressing
unobserved variables bias in educational research, in that
prior achievement likely covaries with other observed and
unobserved variables (Frank 2000).

Math achievement was also measured by math scores on
the Maryland Math Test, a state-level standardized
achievement test, which participants completed during the
ninth grade (or, between the MADICS waves three [8th
grade] and wave four [11th grade]) and was linked to
MADICS data. Math achievement during 11th grade was
not measured in MADICS, a limitation discussed below.

Results: Measurement Model

CFA first determined the pattern of item loadings onto
latent constructs. Items repeated across waves three and
four likely share common sources of error variance, and
accordingly the residuals of repeated items were estimated
and included in all subsequent analyses (Kline 2010). The
hypothesized relations between items and their corre-
sponding latent construct—the measurement model—were
a very good fit to the data (see Table 2; CFI = .98,
TLI = .97, RMSEA = .03).

Further, temporal invariance, or whether latent con-
structs that were measured at both wave 3 and wave 4 (i.e.,
relevant math instruction, self-concept of math ability, and
differential treatment) mean the same thing and were
measured in the same way over time, was examined.
(Temporal invariance analyses are similar to establishing
measurement invariance across groups, such as gender
groups or racial/ethnic groups, but with time essentially
serving as the grouping variable.) The first step in this
sequential process is establishing configural invariance, or
that the “configuration” of observed items loading onto
latent constructs was the same at wave 3 and at wave 4.
Because analyses indicated that the same items loaded onto
the same latent constructs at waves 3 and 4, the criteria for
configural invariance were met (Kline 2010; Schmitt and
Kuljanin 2008). The next step was establishing loading
invariance (also called metric invariance), or that the
magnitude of each loading was invariant over time. The
loadings for all items comprising self-concept of math

ability and relevant math instruction were invariant across
waves 3 and 4, which established “strong invariance” for
these measures—that these constructs are measured in the
same way, and mean the same thing over time for these
participants (Schmitt and Kuljanin 2008).

On the other hand, loadings for teacher differential
treatment were not invariant over time, suggesting that the
measurement of teacher differential treatment changes over
time for these participants. This suggests that in the tran-
sition from middle school (8th grade in wave 3) to high
school (11th grade in wave 4), students’ perceptions of
racialized mistreatment from teachers changed. It may be
that Prince George’s County schools maintained an
instructional emphasis upon math relevance from middle
school to high school—which we cannot examine with
these data—but racialized teacher mistreatment changed
from middle to high school. This analytic strategy cannot
pinpoint whether students transitioned from middle schools
with greater levels of differential treatment to high schools
with lower levels of differential treatment (suggested by
lower differential treatment observed item means at wave 4
than at wave 3, please see Table 1), because the mea-
surement of differential treatment was not equivalent over
time. Alternatively, it may be that students’ perceptions of
what teacher differential treatment means may have
changed as these African American students matured. We
further consider the potential implications of measurement
invariance and non-invariance below.

Structural Model

The structural model tested hypothesized relations among
latent constructs, as depicted in Fig. 1, while controlling
for gender and for 7th grade (MADICS wave 1) math
achievement (not depicted for clarity). Model fit indices
indicated that the structural model was a good fit to the data
(CFI = .96, TLI = .95, RMSEA = .04). Complete struc-
tural model results are reported in Fig. 2 and detailed
below (key findings are highlighted in Table 3).

In SEM, standardized coefficients () represent effect
size estimates, with coefficients of >.10 roughly consid-
ered “small,” .30 to .50 considered “medium,” and >. 50
considered large (Kline 2010). At wave three (8th grade),
teacher differential treatment negatively predicted relevant
math instruction (B = —.14) and subsequent 9th grade
Maryland Math Achievement scores (f = —.08) and had
non-significant relationships to self-concept of math abil-
ity, math task value, and math grades in 8th grade. Eighth
grade relevant math instruction significantly predicted
math task value (p = .20) and self-concept of math ability
(B = .48) but a non-significant relationship to 8th grade
math grades. Surprisingly, relevant math instruction nega-
tively predicted Maryland Math Achievement scores in
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Table 2 Measurement model: factor loadings for latent variables

Latent variable and indicators Standardized SE
estimate

Self-concept of math ability wave 3

v35170: How good are you in math? 0.85% 0.03

v35173: Compared to other kids your age how well do you do in math? 0.82* 0.03

v35181: Compared to other kids your age how well do you expect to do next year in math? 0.59* 0.04

Self-concept of math ability wave 4

v46038: How good are you in math? 0.88* 0.03

v46041: Compared to other kids your age how well do you do in math? 0.89% 0.03

v46049: Compared to other kids your age how well do you expect to do next year in math? 0.57* 0.04

Relevant math instruction wave 3

v35135: How often does your math teacher use examples that are interesting to you? 0.82% 0.05

v35137: How often do you learn things in math that help you with your everyday life? 0.64* 0.06

Relevant math instruction wave 4

v46271: How often does your math teacher use examples that are interesting to you? 0.72% 0.05

v46273: How often do you learn things in math that help you with your everyday life? 0.68%* 0.06

Differential treatment wave 3

v35195: How often do you feel that teachers call on you less often than they call on other kids because of your race? 0.69* 0.04

v35196: How often do you feel that teachers grade you harder than they grade other kids because of your race? 0.84* 0.02

v35197: How often do you feel that you get disciplined more harshly be teachers than other kids do because of your 0.83* 0.02
race?

v35198: How often do you feel that teachers think you are less smart than you really are because of your race?  0.84%* 0.02

V35200: How often have you felt that teachers/counselors discourage you from taking certain classes because of 0.70* 0.04
your race?

Differential treatment wave 4

v46327: How often do you feel that teachers call on you less often than they call on other kids because of your race? 0.69* 0.05

v46328: How often do you feel that teachers grade you harder than they grade other kids because of your race?  0.85% 0.02

v46329: How often do you feel that you get disciplined more harshly be teachers than other kids do because of your 0.85% 0.03
race?

v46330: How often do you feel that teachers think you are less smart than you really are because of your race?  0.84%* 0.03

v46331: How often have you felt that teachers/counselors discourage you from taking certain classes because of 0.65% 0.06

your race?

Significant standardized estimates are denoted with an asterisk

ninth grade (B = —.12); and was a non-significant pre-
dictor of 8th grade math grades. Fighth grade math task
value was not a significant predictor of 8th grade math
grades or 9th grade Maryland Math scores. Eighth grade
self-concept of math ability significantly predicted math
grades in eighth grade (f = .29), 9th grade Maryland Math
achievement scores (B = .26), and 8th grade math task
value (f = .54).

The autoregressive paths between 8th to 11th grade
math task value (B = .16) and self-concept of math ability
(B = .34) at wave three and wave four were significant, yet
the magnitude of these estimates suggest some intra-indi-
vidual change as students transition from middle to high
school. [Note: The amount of variance in 11th grade math
task value and self-concept of math ability was reduced by
the autoregressive relationships specified, and as such one
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would expect attenuated estimates of effect size in 11th
grade, as compared to 8th grade.] Autoregressive rela-
tionships between teacher differential treatment and rele-
vant math instruction were not specified, because
participants transitioned from middle school to high school
from waves 3—4. Additionally, participants’ math grade in
8th grade significantly predicted their score on the Mary-
land Math test in 9th grade (B = .17) but was not a sig-
nificant predictor of math task value or self-concept of
math ability in 11th grade.

At 11th grade (wave four), teacher differential treatment
was not a significant predictor of relevant math instruction,
math task value, or self-concept of math ability. Wave four
relevant math instruction significantly predicted self-con-
cept of math ability (fp = .47) and math task value
(B = .18). Ninth grade Maryland Math Achievement
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Fig. 2 Structural model. Note Paths significant at the .05 level
denoted with an asterisk and a solid line. Non-significant paths are
denoted by a dashed line. Impact threshold for a confounding variable

scores significantly predicted 11th grade self-concept of
math ability (p = .30), but did not significantly predict
11th grade math task value. Eleventh grade self-concept of
math ability significantly predicted 11th grade math task
value ( = .48).

A series of substantively-informed mediated relation-
ships were also examined, and are reported in Table 3.
Eighth grade self-concept of math ability partially medi-
ated the relationships between 8th grade relevant math
instruction and task value at wave three ( = .26) and
between 8th grade relevant instruction and self-concept of
math ability at wave four (B = .16). Similarly, 11th grade
self-concept of math ability partially mediated the rela-
tionship between 11th grade relevant instruction and math
task value (f = .22).

We also investigated substantively plausible competing
models by testing a reverse causality model. (Although a
cross-lagged panel model may also be informative, the
3 year time lag between waves 3 and 4 would diminish the
capacity of any cross-lagged path to yield robust infor-
mation about temporal sequencing.) Reverse causality
models change the direction of select structural paths to

Math ' 17¢+ MD Math
Grade - Achie
8% (W3) Score 9* grade

(ITCV) estimates presented < inside brackets>; paths significant at
the .01 level are denoted with two asterisks and a solid line

help us better understand whether construct A “causes”
construct B, or vice versa, by comparing the model fit and
substantive plausibility of competing models (Pearl 2000).
Although reverse causality modeling is helpful in disen-
tangling which construct appears to precede the other, this
strategy does not establish causality when applied to
observational data. Reverse causality modeling was used
here to examine whether self-concept of math ability may
instead be predictive of perceptions of relevant math
instruction. This entailed reversing the direction of these
regressions (relevant math instruction predicts self-concept
of math ability in the original structural model depicted in
Fig. 1; self-concept of math ability instead predicts rele-
vant math instruction in the reverse causality model) at
both wave 3 and at wave 4. To afford comparison, all other
paths from the original Fig. 1 are identical in the reverse
causality model.

Unexpectedly, this reverse causality model had an
equivalent fit with the structural model depicted in Fig. 1 and
reviewed above (CFI = .96, TLI = .95, RMSEA = .04).
The comparable fit of the reverse causality model indicates
that we cannot rule out reciprocal causation between
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Table 3 Summary of direct effects and presentation of indirect effects

Standardized estimate SE
Hypothesized direct paths
Differential treatment W3 — relevant math instruction W3 —.14% .05
Differential treatment W3 — 9th grade math achievement —.08% .04
Relevant math instruction W3 — SCMA W3 48%* .05
Relevant math instruction W3 — task value wave 3 20% .06
Relevant math instruction W3 — 9th grade math Achievement —.12% .06
SCMA W3 — task value W3 54 .06
SCMA W3 — 9th grade math achievement 26%* .09
SCMA W3 — 8th grade math grade 20% .06
Relevant math instruction W4 — task value W4 18%* .08
Relevant math instruction W4 — SCMA W4 AT* .06
9th grade math achievement - SCMA W4 .30% .05
SCMA W4 — task value W4 A48* .08
Paths from covariates
Gender — 7th grade math grade 24% .04
Gender — differential treatment W3 —.12% .04
Gender — relevant math instruction W3 —.08 .05
Gender - SCMA W3 —.10* .04
Gender — task value wave 3 .00 .03
Gender — 8th grade math grade 2% .04
Gender — differential treatment W4 —.27* .05
Gender — relevant math instruction W4 —.11 .06
Gender - SCMA W4 —.06 .05
Gender — task value wave 4 .03 .04
Gender — 9th grade math achievement —.04 .04
7th grade math grade — differential treatment W3 —.17* .04
7th grade math grade — relevant math instruction W3 .05 .05
7th grade math grade - SCMA W3 27% .04
7th grade math grade — task value wave 3 .06 .04
7th grade math grade — 8th grade math grade 44+ .04
7th grade math grade — differential treatment W4 —.12% .06
7th grade math grade — relevant math instruction W4 -.03 .07
7th grade math grade - SCMA W4 .10 .06
7th grade math grade — task value wave 4 .08 .05
7th grade math grade — 9th grade math achievement 26% .05
Hypothesized indirect paths
Relevant math instruction W3 — SCMA W3 — task value W3 26%* .04
Differential treatment W3 — SCMA W3 — task value W3 —.05 .03
Differential treatment W3 — relevant math instruction W3 — Task Value W3 —.03* .01
Differential treatment W3 — relevant math instruction W3 — SCMA W3 —.07* .03
Relevant math instruction W3 — SCMA W3 —» SCMA W4 .16%* .03
Differential treatment W3 — relevant math instruction W3 - SCMA W3 —» SCMA W4 —.02% .01
Relevant math instruction W4 — SCMA W4 — Task Value W4 22% .05

Significant standardized estimates are denoted with an asterisk
W3 wave 3, W4 wave 4
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teacher’s relevant math instruction and students’ self-con-
cepts of math ability. It may very well be that students’
perceptions of their math ability shape their perceptions of
teacher practices; these teacher practices may also foster
students’ perceptions of math ability. This potentially
dynamic process could not be closely examined with these
data and indeed, would require micro-data (e.g., multiple
close or moment-to-moment observations of both processes)
and a wholly different analytic strategy in order to be pre-
cisely examined.

In instances where model fit does not provide a clear
signal in favor the original or reverse causality model, sub-
stantive considerations take on even greater importance.
According to expectancy-value theory, teacher practices are
specified as prior to students’ self-concept of math ability
(Eccles 1994, 2005). The relevant instruction literature also
specifies teacher instruction as prior to student outcomes
(Newmann and Wehlage 1993; Wang and Eccles 2014).
Changing the directions of regressions in this reverse
causality model also entailed changes to a number of medi-
ating pathways. For example, in this reverse causality model,
8th grade relevant math instruction would now mediate the
impact of self-concept of math ability on wave 3 math grades
and Maryland Math scores in 9th grade. These changes to
mediating pathways, while complex, are less consistent with
extant theory than the mediating pathways posited and tested
in the Fig. 1 original model. Given the substantive primacy
of teacher practices “causing” student outcomes, rather than
the reverse, we have therefore decided that the structural
model depicted in Fig. 1 and reviewed above is the most
substantively plausible, and therefore, final model. However,
we return to issues of potential reciprocal causation between
relevant math instruction and self-concepts of ability in the
Discussion section.

Estimating the Robustness of Inferences

The impact threshold for a confounding variable (ITCV)
estimates the magnitude an unobserved variable would
need to correlate with a predictor and outcome variable to
nullify the statistically significant relationship between that
predictor and that outcome (Frank 2000). The ITCV
coefficient is a way of estimating how robust an inference
is against omitted or unobserved variables bias, yet does
not yield causal estimates. In a sense, the ITCV provides a
confidence interval around a statistical inference. ITCV
values were calculated for substantively important (i.e., not
autoregressive relationships) paths and are depicted in
brackets in Fig. 2 (in the interest of parsimony, only
selected ITCVs will be reviewed here). Note that ITCV
values assume that an unobserved confounder is com-
pletely uncorrelated with existing covariates, and as such is
a conservative estimate (i.e., any unobserved variable

likely shares some variance with existing covariates and as
such the “true” value of the ITCV would likely be higher;
Frank 2000). In this case, it is unlikely that any unobserved
variable has no relationship to the existing covariates—7th
grade math achievement and gender—and accordingly
these ITCV estimates are likely biased upward.

The obtained ITCV values to nullify the significant
relationship between relevant math instruction and self-
concept of math ability at 8th grade (.49), as well as at 11th
grade (.43), are quite large. By comparison, the ITCV value
associated with the path from the 7th grade math grades
lagged covariate to 8th grade self-concept of math ability
(.27) was substantially smaller. The magnitude of these
ITCV coefficients suggests that the paths from relevant
math instruction to self-concept of math ability are more
robust to unobserved confounding variables (Frank 2000).
The ITCV values associated with the significant paths
between self-concept of math ability and task value at 8th
grade (.51) and at 11th grade (.39) were also quite large,
suggesting that these relationships are also more robust to
unobserved variables bias. The ITCV values to nullify
inferences between 8th grade self-concept of math ability
and 8th grade math grades (.33) and between 8th grade
self-concept of math ability and 9th grade Maryland Math
scores (.36) were fairly large, but not of the same magni-
tude as the preceding ITCV values. The ITCV value to
nullify the inference between 8th grade teacher differential
treatment and relevant math instruction (.16) was sub-
stantially smaller. This indicates that this inference is less
robust—it is more likely that some unobserved variable
could nullify this inference than the other significant rela-
tionships reviewed above.

Discussion

Framed by expectancy-value theory, this study examined
the relationships among teachers’ differential treatment and
relevant math instruction to African American adolescents’
self-concept of math ability, math task value, and math
outcomes among a longitudinal sample of youth in more
racially and socioeconomically integrated neighborhoods
and schools (Gutman et al., in press). These findings support
the applicability of expectancy-value theory in framing the
development of African American students’ math beliefs
over time. These findings also support key tenets of the
expectancy-value framework, namely, that self-concepts of
ability are predictive of task value, and that these beliefs
play a role in achievement over time (Denissen et al. 2007;
Jacobs et al. 2002; Meece et al. 1990; Watt 2006). Yet,
understanding the linkages between these processes among
African American students, as well as connecting school
racial climates (i.e., teacher differential treatment) to a more
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specific academic subject (i.e., math) advances scholarly
understanding in two important ways.

The first way is by underscoring the importance of rel-
evant math instruction in the promotion of African Amer-
ican students’ math beliefs. While controlling for lagged
math achievement and gender and after establishing the
temporal invariance of relevant math instruction and self-
concept of math ability, relevant math instruction was a
significant and strong predictor of self-concept of math
ability at 8th and 11th grade—as well as a significant, yet
more moderate, predictor of math task value at 8th and
11th grade. In addition to its direct relationship, relevant
math instruction also had an indirect (i.e., mediated) rela-
tionship to math task value, as self-concept of math ability
mediated the relationship between relevant instruction and
math task value at 8th and at 11th grade. Establishing the
temporal invariance of relevant math instruction and self-
concept of math ability also affords more precise com-
parisons between the magnitude of these relationships at
wave three and at wave four, in that these constructs are
measured in the same way and mean the same thing for
these participants over time (Kline 2010).

Further, 8th grade relevant math instruction was a pos-
itive predictor of self-concept of math ability 3 years later,
as 8th grade self-concept of math ability mediated the
relationship between 8th grade relevant math instruction
and 11th grade self-concept of math ability. This suggests
that the positive impacts of teachers using math examples
that are interesting to students and teaching math in a way
that is applicable to everyday life has long-reaching pro-
motive impacts on African American students’ math
beliefs. These results have some implications for math
instruction, particularly for African American students. For
example, these findings suggest that when teachers make
connections between mathematics content to the real
world, emphasize how mathematics lessons are applicable
to everyday tasks (e.g., how to calculate restaurant tips,
store discounts, or grade point average), and/or make math
more interesting to students, then African American stu-
dents’ math self-concepts, as well as math task value, may
increase. Relevant math instruction also predicted self-
concept of math ability and math task value at 8th and 11th
grade, converging with previous field experiments linking
brief relevance interventions to math task value (Gaspard
et al. 2015) as well as brief science relevance interventions
to science task value (Hulleman and Harackiewicz 2009).

Previous relevance interventions have suggested that
self-generated relevance (e.g., writing a short essay about
how math may be relevant for one’s future goals) may have
differential effects than externally-generated relevance
(e.g., being told “you might use mental math to calculate
your GPA or figure out tips at restaurants”) (Canning and
Harackiewicz 2015). While these field experiments are
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informative, one critical distinction from relevant math
instruction is the duration of relevance. That is, this study
examines students’ perceptions of the degree to which their
math teacher emphasizes relevance over the course of an
academic year, rather than a one-time brief relevance
intervention (e.g., Durik and Harackiewicz 2007; Gaspard
et al. 2015; Hulleman and Harackiewicz 2009). This may
make the distinction between self- and externally-gener-
ated relevance less germane, in that (we assume) externally
generated relevance from the math teacher is internalized
and reflected upon by the student in some way. That is, we
assume some reciprocal processes of (external) teacher
relevance messaging and students internalizing these rele-
vance messages over time. This distinction makes it diffi-
cult to address debates regarding self- versus externally-
generated relevance in the literature. However, these find-
ings do suggest that teachers’ emphases upon relevance
may foster math beliefs among African American students.
From the perspective of expectancy-value theory, these
findings support the role of teachers as important factors in
the development of students’ competence beliefs (Eccles
1994; Wang and Degol 2013). These findings extend pre-
vious inquiry by establishing that existing positive impacts
of relevant instruction, established with predominantly
White samples, also hold for African American students.
Given the importance of math beliefs for redressing STEM
attainment disparities between African American and
White students (e.g., Wang and Degol 2013), these findings
are noteworthy from an equity and justice perspective.
However, relevant math instruction had unexpected
relationships to concurrent and later math achievement.
Eighth grade relevant math instruction was a weak, yet
non-significant, predictor of 8th grade math grades and was
a significant negative predictor of 9th grade Maryland
Math standardized achievement scores. Given the associ-
ations between relevant math instruction and math beliefs,
and between math beliefs and these math achievement
variables in our model, coupled with previous literature,
these findings were unexpected. Further, these findings
cannot be explained away by multicollinear relationships
among these predictors; as the math grades were culled
from transcript records, we assume that they are accurate
measures of school math achievement. The autoregressive
relationships between 7th grade math grades (which served
as a control variable) and 8th grade math grades (p = .44)
as well as between 8th grade math grades and 9th grade
Maryland Math scores (B = .17) were significant, yet
weaker than would be expected. Given that these autore-
gressive relationships essentially measure the “ranking” of
a participant in the same (or, similar) variable over time,
this suggests that math achievement over time was unsta-
ble among these participants, particularly in the relation-
ships between 8th grade math grades and 9th grade
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achievement scores (Kline 2010). In comparing 8th grade
math grades to 9th grade achievement scores, it may also
be that math grades and standardized achievement scores
measure distinct aspects of math achievement, particularly
among African American students (who may also experi-
ence greater levels of stereotype threat in a standardized
testing situation than in day-to-day classroom performance;
Wang and Degol 2013). Statistically, the greater levels of
instability made it more difficult to identify predictors of
standardized Maryland Math achievement (in particular),
in comparison to the more stable autoregressive relation-
ships for self-concept of math ability and math task value.
These unexpected findings should be examined further in
subsequent research.

The second major way that these findings advance the
literature is by illuminating how school racial climates, as
measured by teacher differential treatment, played a subtle
yet pernicious role in African American students’ math
beliefs and achievement. During 8th and 11th grade, tea-
cher differential treatment did not significantly predict self-
concept of math ability or math task value. This was sur-
prising, considering previous research linking perceptions
of differential treatment to decreased (domain-general)
levels of student motivation, self-efficacy beliefs, and
achievement (Benner and Graham 2013; Byrd and Chavous
2011; Cogburn et al. 2011).

However, teacher differential treatment did negatively
predict relevant math instruction during 8th grade. Further,
teacher differential treatment exhibited a significant nega-
tive relationship to students’ “downstream” self-concept of
math ability and task value, as mediated by relevant
instruction. That is, teacher differential treatment corroded
the salutary benefits of relevant instruction on students’
self-concept of math ability and task value. This converges
with previous research that has linked negative school
racial climates and discriminatory teacher actions to
decreases in academic beliefs, values, and achievement
(Eccles and Roeser 2011; Wang and Degol 2013), but also
complicates it. Our results show that this relationship may
not be direct (i.e., teacher discrimination may not directly
affect student behaviors and self-beliefs) as previously
understood, but may exert a mediated corrosive function
via students’ perceptions of teacher instruction. By exam-
ining a specific academic domain (i.e., math), these find-
ings also advance the school climate literature, which has
focused on linkages between climate and domain-general
academic beliefs as well as achievement.

Teachers’ differential treatment had a more limited role
than hypothesized. Teacher differential treatment may have
simply happened less often in the unique setting of
MADICS—Prince George’s County was more racially and
socioeconomically integrated than most other US counties
when these MADICS data were collected (Cook et al.

2002; Gutman et al., in press). The item means for the
perceived teacher discrimination measure in this study
were more than a full point lower (1.4-1.6), and in some
cases, half of the reported value of a related measure of
perceived peer discrimination among all students (3.12)
reported in Benner et al. (2015). This difference suggests
that students perceived the racial climate in Prince Geor-
ge’s County schools as better than those schools surveyed
in AddHealth, a nationally representative sample of stu-
dents in grades 7-12. This may be due to the fact that
students in the Prince George’s County school system came
from more racially and socioeconomically integrated
neighborhoods (Cook et al. 2002).

Another explanation for the more limited impacts of
teachers’ differential treatment may be student agency.
Teacher differential treatment was not invariant over time,
which suggests that participants’ views of racialized
mistreatment from teachers changed as they matured.
Inspection of observed item means in Table 1 suggests that
students perceived lower levels of differential treatment as
they transitioned from middle (wave three) to high school
(wave four). Yet, this analytic strategy cannot discern
whether this is reflective of “true” lowered levels of tea-
cher differential treatment in high school, whether stu-
dents’ perceptions of teacher differential treatment changed
over time, or some combination of both. African American
students may learn (by observation or from other students)
which teacher(s) discriminate against African American
students, and may act to insulate themselves against
teachers’ discrimination. For example, it is plausible that
African American students may disengage from or be less
active in classrooms where they witness teacher differential
treatment (e.g., teachers calling on African American stu-
dents less often, disciplining African American students
more harshly)—in order to avoid being the target of
teachers’ differential treatment themselves (McGee and
Martin 2011; Milner 2006). This anticipatory behavior on
the part of students may minimize reports of teachers’
differential treatment, in that students learn to agentically
minimize situations where teachers could discriminate
against them. In turn, this would attenuate reports of how
frequently teachers treat African American students dif-
ferently. This complex series of events could not be
examined with these data, but may frame how African
American students resist discrimination in schooling.

Selection effects may also explain this relationship.
Teachers who value diversity may have selected into
teaching in the more integrated Prince George’s County
schools. Alternatively, teachers would have positive inter-
group contact with diverse students, leading to reductions
in teacher prejudice over time—or biased teachers may
have voluntarily or involuntarily left the district (Green
et al. 1988).
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The relevant instruction predictor variable and the self-
concept of math ability, task value, and math achievement
outcome variables all measured the same academic
domain—math—while the teacher differential treatment
measure was domain-general. The matching domain-
specificity of the relevant instruction measure may have
inflated estimates of relationships between relevant
instruction, math beliefs, and math achievement, in com-
parison to the domain-general teacher differential treatment
measure. SEM attenuates this type of error bias (Kline
2010), yet, the match or mismatch of academic domains
may have inflated or depressed path coefficients in the
structural model.

In sum, these findings underscore the importance of
relevant math instruction for African American students in
a more racially and socioeconomically integrated district.
This study suggests practices that may foster African
American students’ STEM achievement, considering the
importance of math in STEM success and African Amer-
icans’ underrepresentation in STEM fields. Conversely,
perceived teacher discrimination appears to corrode stu-
dents’ perceptions of teachers, and, in turn, African
American students’ math beliefs—suggesting a mediating
pathway that was not identified in previous school climate
research.

School racial climate is a broad and multifaceted con-
struct. Teacher differential treatment is a key dimension of
school racial climate in this literature (e.g., Benner et al.
2015; Byrd and Chavous 2011). Yet, this study could not
examine other relevant dimensions of school racial climate,
such as peer racial climates (e.g., peer racial/ethnic dis-
crimination). We were also unable to examine school-level
perceptions of racial climate or relevant math instruction
with MADICS data, due to an insufficient number of stu-
dents from each of the twenty-three public schools in
Prince George’s County, Maryland to support multilevel
analyses. We were, therefore, unable to examine the nest-
ing of individual perceptions within shared or school-level
perceptions of racial climate (or, of relevant instruction);
the former an innovation of Benner et al. (2015). The
inability to model the clustering of students in MADICS
may have resulted in potential bias to standard errors,
which may result in inaccurate significance tests. MADICS
does not afford the capacity to calculate intraclass corre-
lations or other informative estimates of potential bias to
standard errors, due to the complexity of its data structure
(i.e., participants attended 23 middle schools and 14 high
schools within Prince George’s County alone) and the
limited number of students sampled per school. On the
other hand, the failure to account for clustering may entail
quite minimal bias (Heck and Thomas 2015), and a series
of studies have used MADICS without adjusting for
potential standard error bias (e.g., Byrd and Chavous 2011;
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Chavous et al. 2008; Cogburn et al. 2011; Gutman et al., in
press; Rapa and Diemer 2016; Wong et al. 2003). These
limitations are offset by the affordances provided by
MADICS, such as the capacity to longitudinally examine
the mediated pattern of relationships between teacher dif-
ferential treatment and African American students’ self-
concept of math ability and math task value, which were
not examined in Benner et al. (2015). The minimization of
measurement error via the use of SEM, inclusion of a
lagged achievement control variable, and use of ITCV
estimates also collectively enhance confidence in the sta-
tistical inferences drawn from these analyses, reducing the
likelihood that the failure to account for clustering would
result in an inappropriate statistical inference.

Relatedly, a growth modeling approach would comple-
ment the insights of this study, by modeling intra- and
inter-individual changes in the processes of interest—as
well as how changes in students’ perceptions of teachers
over time may predict growth in math outcomes, in a latent
difference score framework (McArdle 2009). However, the
3-year interval between waves three and four, measurement
of these teacher and student variables at only these two
waves, and some incompatibilities between how teachers
were measured and a growth modeling perspective (e.g.,
perceptions of teacher differential treatment and relevant
math instruction are more likely a function of which
teacher(s) students are assigned to than a more “fixed”
student trait) made growth modeling less suitable for this
study. The insights of this study would be complemented
by examining growth trajectories with a different data
source.

The 3-year interval between waves three and four also
precluded testing a cross-lagged panel model (because any
cross-lagged effects would likely weaken over such a time
span), which would help in disentangling the direction of
some hypothesized relationships—in particular, the rela-
tionship between relevant math instruction and self-con-
cept of math ability. Self-concept of math ability and
teacher practices are dynamic and interactive processes that
may reciprocally cause each other, which is consistent with
the structural model and reverse causality models tested.
The dynamic interplay between teachers’ instructional
practices and students’ beliefs should be more carefully
examined with fine-grained microdata (or other data sour-
ces that contain multiple and closely spaced measurements
of each construct) to fully understand these potentially
interwoven processes.

Math achievement was not measured at wave four (11th
grade) in MADICS, which limited our ability to link the
study’s constructs of interest to more distal measures of
achievement. However, we were able to link processes of
interest to math achievement in 8th and 9th grade by
looking at both school grades and standardized test scores,
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while controlling for a prior measure of math achievement
(7th grade math grade).

This study examined subjective task value without being
able to delineate its four specific dimensions (i.e., intrinsic,
attainment, utility, or cost value). As one would expect,
relationships among expectancy-value constructs may
operate differently when examining intrinsic versus utility
value, for example (e.g., Durik et al. 2006; Eccles 2005;
Trautwein et al. 2012). Future research could build upon
the insights of this study by examining whether teacher
interactions may differentially predict the four specific
facets of subjective task value, such as whether relevant
math instruction differentially predicts students’ intrinsic
value of math or their math utility value.

MADICS did not measure perceived differential treat-
ment specific to students’ math teacher(s), instead sur-
veying participants about differential treatment from all
teachers. This limited our ability to discern whether the
participants were specifically feeling discriminated against
by their math teachers, another teacher, or all teachers.
Particularly in academic subjects where African Americans
have been previously stigmatized, such as math, teachers’
discrimination may have a more pronounced impact on
achievement due to the status and power they exert over
students’ academic success (Benner and Graham 2013).
Therefore, in order to accurately understand how teacher
discriminatory behaviors may influence achievement in
math, future research should examine the potentially dif-
ferential and domain-specific effects of teacher discrimi-
nation. That is, discrimination from any teacher likely
undermines students’ perceptions of their teachers—while
discrimination from the math teacher may have more
powerful effects on students’ math beliefs and achieve-
ment. Relatedly, while 36 % of teachers and 67 % of stu-
dents in Prince George’s County identified as African
American (Cook et al. 2002), we could not specifically
identify or model the race of participants’ math teachers in
these analyses, which is a limitation that should be
addressed in future research.

Conclusion

This study advances our collective understanding of how
relevant instruction promotes and differential treatment
corrodes African American students’ self-concept of math
ability, math task value, and achievement over time—while
controlling for gender and prior achievement and while
estimating the robustness of study inferences. By focusing
on a specific academic domain (i.e., math), these findings
advance school climate research, which has focused upon
linkages between school climate and domain-general aca-
demic beliefs and outcomes. In this study, teachers’

differential treatment appeared to corrode students’ per-
ceptions of their teachers (i.e., the salutary benefits of
relevant instruction), suggesting a mediated relationship
among these processes that has been under-examined in
previous research. Future research should continue to
identify factors and policies that narrow opportunity gaps
and foster math achievement and STEM success among
underrepresented groups.
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