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Abstract
Culturally relevant education (CRE) approaches use minoritized populations’ cul-
tural capital to break the perennial cycle of these groups’ underperformance. Yet, 
mathematics and science teachers do not feel confident in using CRE approaches. 
This literature review explores the practices and challenges that accompany CRE 
implementations in math and science classrooms aiming to inform mathematics and 
science teachers’ preparation for equitable education. Practices were clustered in 
alignment with the CRE outcomes, namely cultural competence, academic achieve-
ment, and critical consciousness; further categories were inductively identified. 
Challenges were clustered in teachers’ beliefs, lack of inclusive tools, and influence 
of institutional norms. Insights from the findings inform implications for preparing 
math and science teachers for equitable education.

Keywords  Culturally relevant education · Math teaching · Science teaching · 
Cultural capital · Equity in education

Despite several reparatory attempts, education in the U.S. still fails to overcome 
achievement disparities stratified by race and social class (Entwisle, 2018; Lar-
eau, 2015) and this tendency is intensified in math and science subjects (Han et al., 
2016). Research on achievement disparities focuses mostly on urban settings, which 
serve high percentages of children from low-income families and minoritized racial-
ethnic populations (Howard & Milner, 2021; Mattei & Aguilar, 2016; Milner, 2013). 
However, it is now understood that also the suburbs provide contexts for such stud-
ies, because low income, Black, Latinx, and Indigenous people increasingly live in 
the suburbs and endure racial implications also in these settings (Diamond et  al., 
2021; Posey-Maddox, 2017). According to Ladson-Billings (2006), the so-called 
achievement gap should be seen as an educational debt, which has been accumu-
lating for decades, because of other gaps in education. Milner (2011) urges policy 
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makers and educators to identify and address these gaps, such as the teacher training 
and the teaching quality gaps (Milner, 2011).

Howard and Milner (2021) suggest that teachers who teach minoritized popu-
lations should understand not only the subject they teach and how to teach it, but 
also the racial and cultural background of their students. Valuing students’ cul-
ture is particularly needed in math and science learning environments, in which 
the curriculum is Euro-centric and the perspectives of Indigenous, Latinx, and 
Black people’s contributions to math and science are erased. When teachers inte-
grate students’ culture, students’ academic achievement and cultural competence 
is enhanced (Brown & Crippen, 2017). Considering the history of oppression in 
the Science, Technology, Engineering, and Mathematics (STEM) areas, both out-
comes (academic achievement and cultural competence) assist historically mar-
ginalized students’ development.

The urge to centralize culture led to theories that focus on low-income and 
historically marginalized students’ potential. which can be united under the 
umbrella-term, ‘culturally relevant education’ (CRE; Aronson & Laughter, 2016). 
In this paper, CRE encompasses pedagogies that use students’ culture and prior 
knowledge to contextualize learning and teach for social justice. These include 
Cultural Relevant Pedagogy (CRP; Ladson‐Billings, 1995), Cultural Responsive 
Teaching (CRT; Gay, 2002), Cultural Sustaining Pedagogy (CSP; Paris, 2012), 
and social justice education (science and math for social justice). Reviews illus-
trate examples of CRE (which was operationalized to include CRP and CRT) 
implementations that positively affected learning outcomes across all content 
areas (Aronson & Laughter, 2016; Morrison et al., 2008). Despite the promising 
results, such implementations remain relatively low and sporadic, partly because 
teachers feel unfamiliar or not confident with using CRE practices (Neri et  al., 
2019). Teachers’ reluctance to implement CRE is intensified in math and science 
classrooms (Boutte & Kelly-Jackson, 2010), especially because teachers perceive 
math and science as “objective,” and a-cultural subjects (Gutstein, 2003).

To address math and science teachers’ reluctance to embrace CRE, this review 
examines CRE implementations in math and science K12 formal and informal 
educational settings. The purpose of this investigation is (a) to identify specific 
practices associated with positive CRE outcomes for students in math and sci-
ence educational settings, (b) to identify challenges when applying CRE in math 
and science educational settings. In the context of this review, the term “prac-
tices” refers to teachers’ identifiable actions that apply the theoretical principles 
of CRE. The review was guided by the questions:

1.	 Which specific practices have been associated with positive CRE outcomes for 
students in math and science educational settings?

2.	 What were the challenges of applying CRE in math and science educational set-
tings?

In the following, after introducing how culture has been used in education 
and specifically in STEM learning settings, I highlight that teachers’ preparation 
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should include knowledge about low-income and minoritized students’ racial and 
cultural background. I continue with a summary of the three outcomes of CRE 
implementations, a brief overview of CRE implementations in STEM, and I con-
clude with CRE related challenges especially for math and science classrooms.

Conceptual Framework

Culture at the Center of Educational Efforts

Cultural anthropologists used the concept of culture-initially defined as a set of char-
acteristics and knowledge about language, traditions, values, beliefs, religion, and 
art-to diffuse arguments about supposedly scientific hierarchical racial classifications 
and their racial implications (González et  al., 2006). Race as a concept has been 
eventually assigned to biology, whereas culture now explains human behavior as 
conditioned by sociohistorical contexts rather than biological traits (González et al., 
2006). Because race was expunged from social science, many argue that culture 
came to mistakenly stand for race (González, 2004). This might enforce assumptions 
that culture is a static set of rules of behavior in which all group members abide by, 
presuming coherence within groups which may not exist. To highlight its dynamic 
rather than static nature, in this paper, culture is defined as a “historically transmit-
ted pattern of meanings embodied in symbols, a system of inherited conceptions 
expressed in symbolic forms by means of which … [humans] communicate, per-
petuate, and develop their knowledge about and attitudes toward life” (Geertz, 1973, 
p. 91).

Although the concept of culture has the potential to affirm diversity, this has 
not always been the case in education. For example, cultural deficit models have 
emerged to explain the so-called achievement gap—in these models, low perfor-
mance of poor and minoritized students is assigned to these groups’ cultural prac-
tices associated with socialization and language patterns, which do not follow the 
schooling norms (see Valencia, 1997 for a historical overview about the evolution 
of deficit thinking). In the quest to move away from deficit paradigms and under-
stand the sources of inequalities’ reproduction, many scholars have drawn upon 
Bourdieu’s conceptualization of cultural capital—defined as a set of values, atti-
tudes, and knowledge, unique for different social groups, that parents pass on to their 
children (Bourdieu, 1986).

A strand of research on cultural capital dissolved pre-held illusions that education 
acts as a buffer for inequalities and expanded scholars’ understandings about how 
education may, in fact, reproduce inequalities (Lareau, 2003, 2011, 2015). Collins 
(1979, 2014) asserted that cultural capital serves as a resource for any group that 
shares symbols, rituals, vocabularies, and styles, and that the more social connec-
tions that are formed between the members of a group, the more value its cultural 
capital holds. This perspective led researchers to move away from the perception of 
poor and minority students’ cultural capital in terms of its deficiencies and towards 
explorations of its strengths. Yosso (2005) for example, identified six forms of cul-
tural capital that students of color bring from their homes and communities, such as 
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the aspirational, social, and navigational capital. Yosso argued that schools should 
acknowledge the value that these capitals hold. For the purposes of this review, the 
use of the term “culture” encompasses the idea of culture being a form of capital, 
which holds strengths, and which is passed on from parents to children.

Valuing Non‑Western Cultures in STEM Education

Valuing students’ culture is particularly needed in math and science learning envi-
ronments, in which the curriculum is Euro-centric and the perspectives of Indig-
enous, Latinx, and Black people’s contributions to math and science are erased. 
Eurocentrism in science refers to assumptions that European-generated scientific 
practices and concepts are superior to the non-Western ones and that the history of 
science owns nothing or little to non-Western civilizations (Harding, 1994). In terms 
of science, the dominant Euro-centric curriculum still marginalizes the culture from 
non-Western civilizations. For example, Indigenous narratives about living in har-
mony with nature are absent from the science curriculum, although these narratives 
and the relevant knowledge can contribute to the sustainability of the environment 
(Glasson, 2010). Similarly, the Euro-centric curriculum invalidates the work of non-
Westernized people (Cochran et  al., 2020). The principles of scientific rationality 
that are taught in schools reflect Western cultures (Harding, 1994). It is not stressed 
enough that the questions that science asks, the ways these questions are framed, 
and the ways the answers are pursued still have deep political roots and implications 
(Kumashiro, 2001). Furthermore, the examples that science textbooks use to make 
science relevant to students are drawn from the dominant White culture. Cochran 
et al. (2020), for instance, invite people to reflect on what it means for diverse ethni-
cal and racial groups of students to learn physics from examples that require famili-
arity with American football.

In terms of math, what is wrongly assumed is that the mathematics taught in 
schools is the only mathematics that exist in the world (Bishop, 1990). If we con-
sider the richness of different counting systems, the different ways to record num-
bers, or the alternatives ways to conceive space, we recognize that mathematics is 
not a “uniform,” phenomenon. Western mathematics not only is not culture-free, but 
it has been used throughout the history of colonization to impose the Western cul-
ture on Indigenous people (Kumashiro, 2001). But just as mathematics can be used 
as a colonizing tool, it can also be used as a tool to promote civil rights and social 
change. Works such as the Algebra Project by Moses and mathematics for social 
change implementations are notable examples (Gutierrez, 2005; Wahman, 2009).

Considering Culture and Race in Teaching

Howard and Milner (2021) highlight three areas of knowledge for preparing 
teachers for equitable education: (a) subject content knowledge, (b) pedagogi-
cal content knowledge, and (c) cultural and racial knowledge. Teachers’ training 
programs often aim at the first two areas of knowledge, at the expense of the 
third. First, indeed, teachers should have deep knowledge of their subject. This is 
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especially true for math and science teachers whose level of content knowledge 
correlates positively to students’ achievement (Howard & Milner, 2021). Second, 
teachers should know how to teach their subject. For this, not only depth, but also 
breadth of knowledge is needed, so that teachers can choose from a variety of 
pedagogical tools. Several scholars acknowledge that the areas of subject content 
knowledge and pedagogical content knowledge should not be treated as separate, 
and many professional development programs consider the dialectic relationship 
between these two domains (Howard & Milner, 2021).

For STEM education, when considering the subject content knowledge, it is 
important also to consider content knowledge constructed by non-Westernized 
people. What are the African and Indigenous cosmological and astronomical 
systems? What other counting systems exist, and how this knowledge can enrich 
mathematical thinking? How can science data, statistics, and numbers can be used 
to illustrate power dynamics in the world? Teachers should consider the impact 
of societal structures and historical oppression on historically marginalized com-
munities. Teachers should realize that, over the history of math and science, cer-
tain racial and socioeconomic groups have been benefited and other have been 
oppressed (Harding, 1994). Yet just the knowledge of the oppressed history is 
not enough. White teachers might show guilt and anger about the Black people’s 
tormented histories but fail to accept contemporary examples of oppression (McI-
ntyre, 1997). It is important to uncover the power dynamics that still dominate 
in science and math classrooms (Cochran et  al., 2020). Finally, teachers should 
know the cultural and racial background of the students they are going to teach 
(DuBois, 1999; Woodson, 1972). Figure 1 summarizes an adaptation of Howard 
and Milner’s (2021) framework for preparing STEM teachers.

Fig. 1   Howard and Milner’s (2021) adapted framework for preparing STEM teachers for urban education



138	 The Urban Review (2023) 55:133–172

1 3

CRE provides a good framework for exploring ways to understand students’ cul-
tural and racial background and it is explored further in the following section.

Culturally Relevant Education

The term CRE refers to practices and pedagogies that use minoritized students’ cul-
ture and lived experiences as a starting point for teaching, with a focus on pursuing 
social justice (Neri et al., 2019). Aronson and Laughter (2016) used the term CRE to 
include closely related approaches that operate under the same tenets, but with a dif-
ferent focus. For example, Culturally Responsive Teaching (CRT) focuses on teach-
ers’ practices and what teachers should do to be culturally responsive, and Cultur-
ally Relevant Pedagogy (CRP) focuses on teachers’ stances, “describing a posture a 
teacher might adopt that, when fully embodied, would determine planning, instruc-
tion, and assessment” (Aronson & Laughter, 2016, p. 167). Under the umbrella 
term, CRE, this paper incorporates also Culturally Sustaining Pedagogy (CSP) and 
social justice education (e.g., science and mathematics for social justice). CSP is an 
approach that explicitly highlights the need for schools to sustain a linguistic and 
cultural pluralism (Paris, 2012). Social justice education is based on Giroux’s (1983) 
dialectic approach in which education should be politically and ethically transforma-
tive and Freire’s (1970/2002) ideas that education should empower students to col-
laboratively investigate society and actively act to transform it—critically “read” the 
word; critically “interpret” the world; critically “rewrite” the world.

Ladson-Billings (1994) introduced two cornerstones important for all CRE imple-
mentations: (a) the empowerment of the collective in contrast to simply the indi-
vidual, and (b) the establishment of a school culture of caring, not only for students’ 
academic success, but for their overall well-being. These cornerstones are encapsu-
lated in three educational outcomes: cultural competence, critical (or sociopolitical) 
consciousness, and academic achievement (Ladson‐Billings, 1995). Teachers should 
address all three outcomes of CRE, and not choose one at the expense of the others 
(Ladson‐Billings, 1995).

Cultural competence refers to helping students recognize and affirm their “cul-
tural beliefs and practices while acquiring access to the wider culture, where they 
are likely to have a chance of improving their socioeconomic status and making 
informed decisions about the lives they wish to lead” (Ladson-Billings, 2006, p. 
36). For students to recognize and affirm their culture, education should bridge stu-
dents’ school life with their home life (Paris & Alim, 2014). Teachers should affirm 
the funds of knowledge that students bring from home. Such funds can be consid-
ered as forms of capital that schools should strive to activate (Rios-Aguilar et al., 
2011). Note again, that the idea of recognizing and affirming one’s culture should 
not be seen as a static way of viewing the world or behaving in it. The concept of 
“funds of knowledge” is helpful for realizing that it is important to look at students’ 
lived experiences which may or may not be coherent among groups. González et al. 
(2006) describe funds of knowledge of a community not as “a laundry list of immu-
table cultural traits, but rather [as] historically contingent, emergent within relations 
of power, and not necessarily equally distributed" (González et al., 2006, p. 25). To 
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foster cultural competence, teachers should use their students’ diverse cultures as 
vehicles for learning and consider the funds of knowledge and unique lived experi-
ences their students bring. Critical consciousness refers to empowering students to 
understand social inequalities and to act upon them (Ladson‐Billings, 1995). Finally, 
regarding academic achievement, Ladson-Billings (2008) clarified that the term 
refers to authentic learning—real world learning, relevant to students’ lives—and 
that it should not be mistaken with success in standardized test scores. To foster 
learning, teachers should hold high expectations for low-income and minoritized 
students’ abilities (Ladson‐Billings, 1995).

CRE Implementations in STEM

Several studies suggest that culturally relevant teaching improves achievement and 
cultural competence in math and science (Aronson & Laughter, 2016; literature 
review). Furthermore, practices that integrate minoritized students’ cultural capital 
in STEM teaching, increase students’ participation (and engagement) in STEM sub-
jects (King & Pringle, 2019; Ortiz et  al., 2019). Black girls’ personal narratives, 
when respected and highlighted, increase involvement in STEM learning (King & 
Pringle, 2019) and enhance interest in STEM careers (Ellison et al., 2020). Further-
more, the ways that Black students perceive their Blackness (i..e., racial identity) 
in STEM learning environments affect their participation in STEM fields (Morton 
et al., 2019; Vincent-Ruz & Schunn, 2018).

Despite some promising results, CRE implementations in math and science 
remain relatively low and sporadic (Brown et al., 2019; Neri et al., 2019). Math and 
science teachers cannot find obvious connections between their subject areas and 
students’ cultural and ethnic backgrounds (Boutte & Kelly-Jackson, 2010). Scholars 
have stressed that more effort is needed for preparing teachers to translate cultur-
ally relevant theory into practice, particularly for math and science subjects (Brown 
et al., 2019).

CRE‑Related Challenges in STEM classrooms

Some factors act as barriers for integrating culture into teaching. In their framework 
for preparing teachers for equitable education, Howard and Milner (2021) highlight 
that knowledge about students’ racial and cultural background presupposes reflec-
tion on teachers’ deep-rooted beliefs. For example, White teachers hold an (often 
unconscious) belief about White race’s supremacy—a belief that is translated to 
deficit perspectives about minoritized students’ cultures and norms (Howard, 2016; 
McIntyre, 1997). The deficit perspective can be accentuated in math and science 
learning environments, in which the curriculum is Euro-centric and the perspec-
tives of Indigenous, Latinx, and Black people’s contributions to math and science 
are erased.

Another barrier for CRE is the ideology of colorblindness—not seeing race when 
teaching (Bonilla-Silva, 2006). Advocates of colorblind rhetoric argue for a moral 
preference that focuses on human similarities instead of differences. Studies suggest 
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that the preference to focus on human similarities instead of differences can be a 
hindrance to incorporate cultural experiences into STEM teaching. Hachfeld et al. 
(2015) studied the relationship between colorblindness and a willingness to adapt 
teaching of mathematics to culturally diverse populations. Colorblind beliefs were 
assessed through the Teacher Cultural Beliefs Scale (Hachfeld et  al., 2011), and 
willingness to adapt teaching to culturally diverse populations was assessed through 
a 6-point disagree-agree response format. Analyzing results for 433 beginning teach-
ers, the study showed that those who manifested a colorblind ideology, were reluc-
tant to adapt their teaching to culturally diverse students. Similarly, Aragón et  al. 
(2017) surveyed 1,179 STEM teachers who were taught inclusive teaching practices 
in a summer training program over a period of ten years. The study showed that 
teachers with colorblind ideologies reported lower use of inclusive teaching prac-
tices in the classroom than teachers with multicultural ideologies (Aragón et  al., 
2017).

Purpose of the Review

The current review used examples of math and science CRE implementations to 
illuminate: (a) the practices teachers used and (b) the challenges teachers faced, aim-
ing to inform math and science teachers’ professional development. The ultimate 
purpose is to assist future math and science practitioners for contextualizing their 
students’ culture in teaching. The guiding questions were:

3.	 Which specific practices have been associated with positive CRE outcomes for 
students in math and science educational settings?

4.	 What were the challenges of applying CRE in math and science educational set-
tings?

Methods

The literature search was carried out in the ERIC (EBSCO) database, following 
a multistep procedure. Initially, social justice education was not part of the CRE 
framework. The terms that were used initially were “culturally relevant pedagogy,” 
“culturally sustaining pedagogy,” “culturally responsive teaching,” and “culturally 
relevant education,” in combination with the terms “teaching science” and “teach-
ing mathematics.” The search generated 107 results for science and 6 results for 
math. After deduplication, the results were reduced to 86. Following this procedure, 
all abstracts were read and the articles that were not empirical studies in learning 
environments were excluded. For this review were included (a) K-12 education and 
teachers’ professional development/training if they provided descriptions of class-
room implementations, (b) both formal and non-formal learning settings.

This process generated 35 results. After reading the descriptions of the imple-
mentations, 22 qualitative papers were prioritized. These papers were chosen 
because they provided detailed information on (a) the context of the settings and the 
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teachers’ background and (b) the practices that were used in the classroom. After 
reading the full texts of these articles, additional cited papers were identified, and 
three peer reviewed papers were added following the above-mentioned inclusion 
criteria.

For the analysis, both a deductive and an inductive approach was used. The 
three CRE outcomes served as a “start list” of codes (Miles & Huberman, 1994). 
The “methods” and “findings” sections of the reviewed studies were printed and 
skimmed, and the identified practices and challenges were coded in vivo (Charmaz, 
2014) at the margins of the texts and were categorized as relevant to one of the tree 
outcomes.

The initial analysis showed that there was a limited number of studies that 
addressed the outcome of critical consciousness in STEM classrooms, a limitation 
emphasized in previous reviews (Aronson & Laughter, 2016). To enrich the findings 
about critical consciousness, the database research was expanded to include critical 
mathematics and critical science implementations. Critical mathematics and science 
implementations aim for a politically and ethically transformative education (Gir-
oux, 1983; Gutstein, 2006). Such implementations were effective in addressing the 
outcome of critical consciousness and were also consistent with the other CRE out-
comes, cultural competence and academic achievement. Two almost identical search 
strings were used, one for mathematics (“teaching” and “critical mathematics” or 
“mathematics for social change”) and one for science (“teaching” and “critical sci-
ence” or “science for social change”). The search provided 159 new papers, which 
were reduced to 7, following the above-mentioned inclusion criteria and scanning 
process. In total, this review examines 30 empirical papers and two book chapters 
(Brantlinger, 2005; Peterson, 2005). The examples in the chapters were not reported 
as empirical studies but provided details of critical mathematics implementations 
and students’ opinions about these implementations (see Fig.  2 for an illustration 
of the reduction process and Appendix for a Table with the reviewed empirical 
studies). It is important to highlight that the purpose of this review was not to be 
extensive, but to provide a substantial number of papers that would provide detailed 
descriptions of how teachers implemented CRE. 

The additional 7 studies were analyzed following the previously described analy-
sis process. After the initial analysis, a detailed reading of all the printed texts fol-
lowed. During this process, extensive notes were kept, and connections between 
codes led to groupings and finally to the emerging categories (Charmaz, 2014). The 
three tables presented in the “findings” section, illustrate (a) the “start list” codes 
in the first column, (b) the emerging categories in the second column, and (c) the 
groupings of the codes in the third column.

Findings

Practices and Challenges for Cultural Competence

Table  1 summarizes the practices and challenges associated with cultural compe-
tence in the reviewed studies. Regarding practices, two categories emerged: (a) 



142	 The Urban Review (2023) 55:133–172

1 3

building stable, substantial relationships and (b) integrating students’ ethnic and 
racial identities into teaching.

Building Teacher–Student Rapport

Cultural competence presupposes that the students feel comfortable in shar-
ing their ethnic, racial, cultural, and personal identities. Most teachers in the 
reviewed studies aimed to establish a teacher–student rapport. Teacher–student 
rapport presupposed that (a) teachers cared for students’ lives and respected stu-
dents’ identities and (b) students perceived teachers’ care and respect (Basu & 
Barton, 2007; Hubert, 2014; Johnson, 2011; Laughter & Adams, 2012; Nod-
dings, 2012; Tsurusaki et al., 2013). When teachers shared racial and/or cultural 
identities with students, teachers relied on their own experiences and knowledge 
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Fig. 2   Illustration of the reduction process for the selection of the articles



143

1 3

The Urban Review (2023) 55:133–172	

Ta
bl

e 
1  

P
ra

ct
ic

es
 a

nd
 c

ha
lle

ng
es

 fo
r a

ch
ie

vi
ng

 c
ul

tu
ra

l c
om

pe
te

nc
e

C
ul

tu
ra

l c
om

pe
te

nc
e

B
ui

ld
in

g 
te

ac
he

r-s
tu

de
nt

 ra
pp

or
t

Te
ac

he
rs

’ p
ra

ct
ic

es
:

Sh
ow

in
g 

aw
ar

en
es

s o
f s

tu
de

nt
s’

 d
iffi

cu
lti

es
 (e

.g
., 

ad
op

tin
g 

stu
de

nt
s’

 fi
rs

t l
an

gu
ag

e 
or

 u
si

ng
 e

xp
re

ss
iv

e 
ge

stu
re

s i
f E

ng
lis

h 
w

as
 n

ot
 st

ud
en

ts’
 fi

rs
t l

an
gu

ag
e)

En
co

ur
ag

in
g 

di
sc

us
si

on
s a

bo
ut

 st
ud

en
ts’

 li
ve

s a
nd

 in
te

re
sts

 (e
.g

., 
br

ai
ns

to
rm

in
g,

 
re

fle
ct

io
ns

)
Es

ta
bl

is
hi

ng
 h

ab
its

 (e
.g

., 
re

sp
on

di
ng

 to
 th

e 
qu

es
tio

n 
of

 th
e 

da
y)

Em
po

w
er

in
g 

stu
de

nt
s t

o 
dr

aw
 fr

om
 p

er
so

na
l e

xp
er

ie
nc

es
 to

 c
re

at
e 

an
d 

an
al

yz
e 

da
ta

In
te

rv
ie

w
in

g 
stu

de
nt

s
A

tte
nd

in
g 

stu
de

nt
s’

 o
ut

 o
f s

ch
oo

l a
ct

iv
iti

es
A

ck
no

w
le

dg
in

g 
an

d 
re

sp
ec

tin
g 

stu
de

nt
s’

 id
en

tit
ie

s
C

on
fro

nt
in

g 
ra

ci
al

 is
su

es
C

re
at

in
g 

pa
rtn

er
sh

ip
s w

ith
 st

ud
en

ts
, c

om
m

un
iti

es
, a

nd
 fa

m
ili

es
V

is
iti

ng
 st

ud
en

ts’
 n

ei
gh

bo
rh

oo
ds

 a
nd

 h
om

es
C

ha
lle

ng
es

:
Ti

m
e 

an
d 

en
er

gy
 c

on
su

m
in

g
C

ha
lle

ng
es

 w
ith

 c
on

fro
nt

in
g 

ra
ci

al
 is

su
es

 (e
.g

., 
la

ck
 o

f t
oo

ls
)

C
ha

lle
ng

es
 w

ith
 v

is
iti

ng
 st

ud
en

ts’
 n

ei
gh

bo
rh

oo
ds

 a
nd

 h
om

es
 (e

.g
., 

re
in

fo
rc

in
g 

ste
re

ot
yp

ic
 a

tti
tu

de
s)

Li
m

ita
tio

ns
 o

f c
la

ss
 si

ze
So

m
e 

cu
ltu

ra
l c

ho
ic

es
 m

ig
ht

 n
ot

 b
e 

w
el

co
m

e 
if 

us
ed

 b
y 

te
ac

he
rs

 o
f d

iff
er

en
t r

ac
e 

(e
.g

., 
us

e 
of

 H
ip

 H
op

 in
 te

ac
hi

ng
)

In
te

gr
at

in
g 

stu
de

nt
s’

 c
ul

tu
ra

l a
nd

 ra
ci

al
 id

en
tit

ie
s t

o 
te

ac
hi

ng
Pr

ac
tic

es
:

B
ra

in
sto

rm
in

g,
 d

is
cu

ss
in

g,
 a

nd
 re

fle
ct

in
g 

w
ith

 st
ud

en
ts

U
se

 o
f t

ea
ch

er
s’

 k
no

w
le

dg
e 

ab
ou

t s
tu

de
nt

s’
 id

en
tit

ie
s

C
ha

lle
ng

es
:

Te
ac

he
r’s

 c
ol

or
bl

in
dn

es
s o

r b
ia

se
s

La
ck

 o
f t

oo
ls

, s
ki

lls
, o

r e
xp

er
ie

nc
e

C
ur

ric
ul

um
 a

nd
 st

an
da

rd
iz

ed
 e

va
lu

at
io

n 
re

str
ic

tio
ns



144	 The Urban Review (2023) 55:133–172

1 3

for communicating their care. Historically marginalized students tended to trust 
teachers of the same race (Adjapong & Emdin, 2015; Cahnmann & Remillard, 
2002; Emdin et  al., 2016; Kelly-Jackson & Jackson, 2011). When interviewed, 
some teachers reported that they drew inspiration on their cultural experiences. 
Due to her Puerto Rican ethnicity, a math teacher knew first-hand that her stu-
dents were familiar with dominoes. This knowledge prompted her to integrate 
the use of dominoes into her math teaching (Cahnmann & Remillard, 2002). Due 
to an inherent trust, cultural choices were welcome by students when introduced 
by teachers of the same race. Hip hop songs in a science classroom might have 
estranged African American students if the teachers who introduced hip hop 
were not familiar with students’ street code and the conventions of hip hop music 
(Emdin et al., 2016).

White teachers may need to work harder to earn historically marginalized stu-
dents’ trust. Although there may be no foolproof prescription to communicate 
a genuine concern and respect, White teachers recruited certain practices. Less 
encountered practices included adopting students’ norms or language (e.g., teachers 
included Hispanic words and phrases in teaching; Johnson, 2011). Interviews with 
students revealed that, even if teachers did not adopt students’ language, other prac-
tices that showed teachers’ awareness of students’ difficulties to comprehend English 
were also effective (e.g., speaking slowly, integrating pictures to teaching, non-ver-
bal communication, such as use of gestures; Lewthwaite & McMillan, 2010). More 
typical practices included discussing students’ personal experiences (e.g., habit of 
responding to the “question of the day”; Brown & Crippen, 2017). Discussions were 
encouraged through brainstorming (e.g., Basu & Barton, 2007) and student reflec-
tion practices (e.g., Buxton, 2010). Some teachers encouraged students to create and 
analyze data using their own experiences (e.g., food intake; Tsurusaki et al., 2013). 
A teacher in Brown and Crippen (2017) study interviewed students to learn more 
about themselves and their families. Teachers’ encouragement prompted students’ 
discussions about their personal interests (e.g., tuning drums; Seiler, 2001), neigh-
borhood experiences (e.g., traumatic experiences with drunks; Tate, 1995), family 
concerns (e.g., mortgages, displacement; Gutstein, 2016), local issues (e.g., nearby 
river pollution; Bouillion & Gomez, 2001) and curiosities about universal problems 
(e.g., HIV-AIDS; Gutstein, 2016).

For students to engage in discussions about their experiences, teachers showed 
interest about their students’ ethnic, racial, and cultural identities. Some teach-
ers openly acknowledged different racial identities and directly confronted racial 
issues when emerged. In Milner’s (2011) study, for example, whenever students 
highlighted the different racial backgrounds that separated them from their science 
teacher, the teacher openly discussed these differences. Other teachers avoided direct 
references to race and culture (Cahnmann & Remillard, 2002). Some teachers cre-
ated partnerships with students, communities, and families (Bouillion & Gomez, 
2001; Civil & Khan, 2001; Fusco, 2001; Milner, 2011). For instance, in a profes-
sional development program, teachers visited students’ homes, so that they would 
be able to reflect on their students’ everyday experiences in the classroom (Johnson, 
2011). Such practices—similarly to open acknowledgement and direct confrontation 
of racial issues—led also to mixed results. For example, in Rubel’s (2017) study, 
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teachers’ community walks reproduced their previous stereotypic and deficit precon-
ceptions about their students of color.

Teacher-student rapport flourished in after school and community-based pro-
grams (Basu & Barton, 2007; Calabrese Barton & Tan, 2018; Seiler, 2001; Tate, 
1995). These programs established relaxed environments in which discussions were 
a norm. In a science after-school lunch group, students’ narrations during lunch were 
used as prompts for scientific investigations (Seiler, 2001). Other after school pro-
grams allocated time for interactions that positively affected students’ feelings about 
the instructors (Basu & Barton, 2007; Civil & Khan, 2001). Small classroom size 
might also have affected the quality of relationships built. The previously mentioned 
science lunch group, for example, consisted of only eight students (Seiler, 2001).

Communicating care and respect was not an easy endeavor, especially when 
teachers and students’ race did not coincide. It entailed time, devotion, and effort. 
Milner (2011) detailed Mr. Hall’s challenges to earn some of his students’ trust. 
For example, he managed to build his relationship with a specific student only 
through his persistence and after attending the student’s basketball practices. Milner 
(2011) characteristically notes: “Throughout my 2  years of study … I never saw, 
witnessed, or observed Mr. Hall taking a break” (p. 76). Similarly, the teachers in 
Johnson’s (2011) study spent time getting to know their students and their communi-
ties. Teachers’ background as described by some reviewed studies reveals teachers 
with a certain mindset—enthusiastic, devoted individuals, with commitment to the 
relational aspect of teaching (Aguirre & del Rosario Zavala, 2013; Lewthwaite & 
McMillan, 2010; Tate, 1995).

Integrating Students’ Racial and Cultural Identities into Teaching

Knowledge about students’ lives and experiences was a key starting point for inte-
grating minority students’ identities into teaching. As a next step, teachers connected 
this information to their curricula. Experienced teachers and teachers with strong 
content knowledge were likely to discover tight connections (Basu & Barton, 2007; 
Brantlinger, 2014; Brown & Crippen, 2017; Gutstein, 2016; Tate, 1995). Seiler’s 
expertise and experience helped him to bridge discussions about tuning drums with 
a relevant subject topic (e.g., the frequency of vibration and the pitch of a sound; 
Seiler, 2001). Similarly, a teacher’s knowledge about Hispanic cultures prompted 
learning because she used this information to teach how machines operate (Johnson, 
2011).

Teachers who were provided with pedagogical tools for culturally responsive 
teaching showed a gradual confidence and effectiveness in designing inclusive les-
son plans. Positive results were reported both for long (e.g., 3-year) and for shorter 
(e.g., 6-month) professional development programs. But even when teachers became 
comfortable with inclusion practices, they felt restricted by standardized evaluations 
(Brown & Crippen, 2017). It might not be a surprise that curriculum transformations 
took place in non-typical classroom settings—such as after-school and community-
based programs—that were not restricted by curriculum or state policies (e.g., Basu 
& Barton, 2007; Calabrese Barton & Tan, 2018). Some scholars transformed the 
whole curriculum around themes generated by students. Gutstein (2016) created a 
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whole year curriculum for a 12th grade mathematics class in the Social Justice Pub-
lic High School. The curriculum was co-created with the students based on personal 
relevant themes they discussed. Among the chosen themes were HIV-AIDS, crimi-
nalization, and displacement. Gutstein (2016) designed the math content—contextu-
alized in the chosen themes—and let students decide the pace and the modifications 
of the units.

Practices and Challenges for Academic Achievement

Using Constructivist Practices to Support Learning

Teachers used constructivist practices to increase students’ learning; such prac-
tices empower learners to actively construct knowledge (NRC, 1996). Seiler (2001) 
described the practice of debates, in which students built on their peers’ ideas. 
Bouillion and Gomez (2001) exemplified the brainstorming and reflective practice 
“What do we think we know, what do we want to know, and what did we learn?” 
Other constructivist practices included general scaffolding activities (e.g., Gutstein, 
2016), encouraging students to generate scientific questions (e.g., Tsurusaki et al., 
2013), guided discourses (e.g., Johnson, 2011), open inquiries (e.g. Enyedy & Muk-
hopadhyay, 2007), action-based inquiries (e.g., Tate, 1995) and collaborative activi-
ties (e.g., Laughter & Adams, 2012). Close monitoring ensured the progress of the 
collaborative activities and of the discourse practices (Johnson, 2011; Laughter & 
Adams, 2012).

Shifting from the Authoritative Teacher to Teacher‑as‑Facilitator

Constructivist practices presuppose a shift from teacher’s role as an expert, who 
knows all answers, to a facilitator, who supports students when needed (Freire, 
1970/2002). Some scholars use the term “repositioning,” to indicate that both stu-
dents and teachers should acclimate with their new roles (Brown & Crippen, 2017). 
Teachers enlisted certain practices to convince students that their (students’) think-
ing was valued. These practices included student-initiated research questions, 
student-initiated experiments, and open and action-based inquiries that required 
student-decision making (e.g., Buxton, 2010; Gutstein, 2003). Seiler (2001) used 
“student cross-talk uninterrupted by teacher talk” (p1010). Teachers in Brown and 
Crippen’s (2017) study acknowledged collaborative learning strategies as catalytic 
for approaching a shift in teacher’s authoritative role, a finding confirmed also by 
class observations (e.g., Kelly-Jackson & Jackson, 2011).

If teachers are not equipped with tools to address power shifts, they might experi-
ence the discouragement and frustration of not being able to handle time effectively 
so that to complete their curriculum, as observed in Dimick’s study (2012). Cahn-
mann and Remillard (2002) highlighted a teacher’s uneasiness to students’ unantici-
pated questions and comments.

CRE professional development projects showed encouraging results when teach-
ers were exposed to constructivist practices (Brown & Crippen, 2017; Johnson, 
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2011). These results included a gradual shift from teachers’ authoritative role. A 
teacher, for example, changed his preference for one-right answer questions to open-
ended questions and became more confident in engaging in investigations for which 
he didn’t have the answers (Johnson, 2011).

Even in studies where teachers abandoned their authoritative self, teachers did 
not initiate student-centered lesson plans because they felt restricted by institutional 
norms (Brown & Crippen, 2017). Conversely, in after school and community-based 
programs, where there was more flexibility regarding curricula, teachers allocated 
“control” to students; this was most often translated in student-centered curricula 
(e.g., Basu & Barton, 2007; Gutstein, 2003; Seiler, 2001). A teacher characteristi-
cally saw herself as a "school bus driver," who goes where students live to pick them 
up and follows their directions for where they choose to go (Tate, 1995, p.172).

Communicating High Expectations to Advance Academic Excellence

Culturally responsive teachers should hold high expectations for students’ abilities 
so that to push them toward academic excellence (Ladson‐Billings, 1995). Still, 
oftentimes, teachers have low expectations for low-income and minoritized students’ 
achievement (Ayers et al., 2008). Thus, it is important to identify the ways science 
and math teachers communicated their high expectations in the reviewed studies.

Teachers consistently made clear their high expectations and asked for bet-
ter academic results (Milner, 2011). They supported completion of students’ tasks 
by designing manageable and open-ended assignments (Lewthwaite & McMillan, 
2010) and by enacting strict plans with consequences for students who didn’t com-
plete their work (Johnson, 2011). In some cases, teachers engaged their students in 
open inquiries that demanded sophisticated techniques. For these inquiries, teachers 
designed challenging (but accompanied with scaffolding practices) real-world prob-
lems, while they continuously monitored students’ performance (Gutstein, 2003; 
Gutstein, 2016; Tate, 1995). Teachers avoided correcting students, but did not pro-
vide easy solutions; instead, they redirected students’ thinking (Brown & Crippen, 
2017; Tsurusaki et al., 2013). In many studies students mentioned that these classes 
were the most challenging and demanding they had attended (Calabrese Barton & 
Tan, 2018; Gutstein, 2003; Milner, 2011).

A possible threat to communicating high expectations is insinuated in Brown 
and Crippen’s, (2017) study, in which teachers initially revealed some stereotypic 
beliefs about minority students’ deficiencies. Teachers’ claims were not based on 
their direct experiences, but on media, conversations, and books. These stereotypic 
beliefs seemed to gradually shift after teachers’ reflexive stances on macro-level 
influence.

Evaluating CRE Implementations Through Alternative Assessments

Some researchers used standardized tests to assess students’ learning (Enyedy & 
Mukhopadhyay, 2007; Gutstein, 2003; Rodriguez, 2015), but in most studies, teach-
ers and researchers used alternative assessments. Alternative assessments included 
artifacts, such as newspaper articles (Tate, 1995), presentations (Calabrese Barton 
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& Tan, 2018; Gutstein, 2016; Seiler, 2001; Tate, 1995), STEM innovations (e.g., 
anti-bullying app, light-up umbrella, house alarm system; Calabrese Barton & Tan, 
2018), and students’ journals—in which students reflected either on the content 
knowledge (Johnson, 2011) or on social justice issues (Gutstein, 2003; Gutstein, 
2016). Students’ artifacts were evaluated through a variety of ways. For example, 
Bartell (2013) used students’ presentations to triangulate findings about their learn-
ing. In the rubric she created, she analyzed students’ types of claims (e.g., describ-
ing or comparing variables) and the evidence they used to support their claims (e.g., 
statistics, use of interactive map, stories, and individual data points). Some schol-
ars and/or teachers evaluated quality of dialogue; (Brantlinger, 2014; Laughter & 
Adams, 2012) or used informal assessment points during scientific inquiries (John-
son, 2011). Some teachers implicated students in the evaluation process targeting 
their metacognitive skills. For example, Adjapong and Emdin (2015) empowered 
students to evaluate their own memorization and understanding of science concepts. 
In Brown and Crippen (2017) study, one teacher created a worksheet so that students 
could monitor their group communication level. Teachers interviewed in Johnson’s 
(2011) study highlighted the conflict between CRE alternative assessments and high 
state tests on standardized curriculum.

To sum up, for fostering academic achievement, teachers used constructivist 
practices to support learning that presupposed a shift from the authoritative teacher 
to teacher-as-facilitator. Even when provided with training and constructivist tools, 
some teachers felt that constructivist practices and the shift from the authoritative 
teacher conflict with curriculum restrictions and institutional norms. To target aca-
demic excellence, teachers should communicate high expectations to their students. 
Teachers’ stereotypic beliefs about poor and minoritized students’ abilities was a 
possible threat for holding high expectations. Teachers used a range of alternative 
assessments for evaluating students’ progress, although some teachers felt that alter-
native assessments conflicted with standardized curricula (see also Table 2).

Practices and Challenges for Achieving Critical Consciousness

Understanding injustices and acting upon them are interdependent processes as 
learners understand the world and reflect on their actions (Gutstein, 2016). Although 
understanding sociopolitical issues is a precondition to acting, these two processes 
do not progress linearly, but dialectically (Gutstein, 2016). Not all reviewed studies 
reached the second process, therefore, two categories emerged: (a) practices aimed 
for students’ understanding about sociopolitical issues and (b) practices aimed for 
students to become actors of change (see also Table 3).

Practices Aimed for Students’ Understanding about Sociopolitical Issues

Understanding an injustice and reflecting on its consequences is important for real-
izing how the world works (Gutstein, 2016). To this purpose, many teachers used 
reading materials as prompts for group discourse in the classroom (e.g., math prob-
lems, articles, extracts from books, and science fiction stories). Ensign (2003) used 
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math problems to show that stores in some neighborhoods were more expensive 
than others. Laughter and Adams (2012) prompted discussions about scientific and 
societal bias, using the counter-storytelling sci-fi story The Space Traders, Samuel 
Morton’s skull measurements, and Lawrence Summer’s comments on intelligence 
differences between males and females.

Some teachers used kinesthetic simulations, in which students simulated with 
their bodies the concepts that they needed to explore, so kinesthetic (embodied) 
experiences became vehicles for reflecting on social inequities. An often-reported 
example was a simulation of the disparity of the distribution of wealth in the world 
(Esmonde, 2014; Gutstein, 2003). In all similar implementations, kinesthetic simu-
lations were followed by whole class discussions.

Teachers empowered students to discover social inequities through data analysis 
in science classes and mathematical manipulations in math classes. In an elemen-
tary science study, students used their zip codes to evaluate how close they lived to 
air pollution sources and analyzed rates of asthma hospitalization in various areas; 
they discovered that their Bronx neighborhoods were closer to sources of air pollu-
tion and that asthma cases were higher in students’ neighborhoods (Mensah, 2011). 
In a math class, students analyzed the demographics of employment in 10,000 new 
jobs that were created in the city of Milwaukee (Peterson, 2005). Students ana-
lyzed and converted data into percentages and graphs and were surprised to real-
ize (a) that African Americans took over less than 8% of the new jobs, although 
they represented 30% of the city’s population and (b) Latinos and African Ameri-
cans combined, held just 1% of the higher paid jobs (Peterson, 2005). In another 
case, a summer course for students who had failed geometry the previous academic 
year, students were asked to estimate what they thought would be the average ratios 
of people to movie theaters, liquor stores, and community centers in a typical city 
(Brantlinger, 2005). Then, they predicted the number of theaters, liquor stores, and 
community centers in a three-mile-radius area of South Central. Students learned 
about the riots in South Central, and they discovered that when the riots’ violent 
incidents took place, there were no communities and no movie theaters in the area, 
while there were 640 liquor stores (Brantlinger, 2005).

Practices Aimed for Students to Become Actors of Change

Generally, teachers applied Gutstein’s proposed practices (2016). They (a) cre-
ated a pedagogy of questioning, (b) they normalized politically taboo topics, and 
(c) they developed political relationships with students. For example, the teacher 
in Tate’s (1995) study asked students to brainstorm problems that impacted their 
community negatively. She did not hesitate to openly discuss students’ traumatic 
experiences with drunks in their neighborhood. And after guiding students to dis-
cover that there were 13 liquor stores within 1,000 feet of their school, teacher 
empowered them to act. Among other things, students reconstructed tax and fis-
cal incentives, studied local maps and compared them with maps they created, 
and manipulated mathematical concepts in order to present their findings to com-
munity stakeholders. Students saw the results of their actions; the police issued 
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200 citations to the liquor stores, two of the 13 stores shut down, and the City 
Council adopted resolutions about liquor consumption in their vicinity.

In some cases, students’ action was as simple as sharing their understandings 
to their classmates or their communities (Bartell, 2013; Calabrese Barton & Tan, 
2018; Gutstein, 2016). Bouillion and Gomez (2001) document a case in which 
students performed a play and created a webpage to raise awareness about pol-
lution in a nearby river. In other cases—as in the example from Tate’s (1995) 
study—students tried to convince stakeholders about what they perceived as 
injustice, aiming to create a visible change (Calabrese Barton & Tan, 2018; Gut-
ierrez, 2005; Tate, 1995; Turner et al., 2009). In any case, students were empow-
ered to use all the variables that would result in a compelling mathematic or 
scientific argument and to create artifacts: presentations and plays to the commu-
nities, letters to stakeholders, newspaper articles and webpages, graphs.

However, there was a general insecurity among teachers that the outcome of 
sociopolitical consciousness might be inappropriate (e.g., Buxton, 2010). In a 
reviewed example, a teacher who designed a unit on social biases commented on 
her fear that this would be the end of her career. Her colleagues “counseled her 
against the lesson because they thought it would be just a bunch of racial com-
ments and inappropriateness” (Interview, 2 March 2011, in Laughter & Adams, 
2012, p. 1121). Teachers’ insecurity stemmed from (a) general beliefs about the 
controversial nature of sociopolitical issues (Gay, 2015) and/or (b) from a lack of 
tools to raise sociopolitical consciousness. Indeed, if not well equipped, teach-
ers might face serious challenges during their implementations. Dimick (2012) 
described an incident in which a teacher did not know how to react to inappropri-
ate comments of his students towards the clothing and accents of other students.

The successful examples reviewed were implemented from teachers who them-
selves identified as politically active, who strongly believed in addressing social 
justice issues, and who expressed confidence in supporting their students to act 
upon those same issues (e.g., Gutstein, 2016; Tate, 1995). Brantlinger (2014) also 
suggests that teacher’s experience plays an important role for these implementa-
tions to be successful. Gutstein (2003) comments on teachers’ fears as partially 
justified, because some issues are not easy to handle in the classroom. Brantlinger 
(2014) also reported difficulties in overcoming students’ passive and active resist-
ance to this kind of learning. Students, for example, expressed their concerns that 
time spent for discussions takes away some time from learning the content of 
mathematics (Brantlinger, 2014).

Still, professional development programs might target teachers’ insecurities. 
Stinson et al. (2012) taught a graduate-level seminar aiming to introduce students 
to critical pedagogies and to empower students to reposition math teaching within 
the critical pedagogy lens. The seminar included an overview of (a) Marx and 
Engels theory and (b) Freire’s scholarship and critical mathematics pedagogy. 
Results of the seminar as presented in two case studies showed that the aims of 
the seminar were fulfilled; the two students (teachers) engaged in becoming criti-
cal mathematics pedagogues, though the shift of their pedagogical philosophies 
was faster than the shift of their mathematical practices.
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Discussion

The current review used examples of mathematics and science CRE implementa-
tions to illuminate: (a) the practices teachers used and (b) the challenges teachers 
faced, aiming to inform mathematics and science teachers’ training and professional 
development for equitable education. To frame the discussion, Howard and Milner’s 
(2021) adapted framework about preparing teachers (previously illustrated in Fig. 1) 
will be used. Figure 3 summarizes additional insights to the original framework.

Teachers Should Create and Sustain a Dialectic Channel with Their Students

The framework for preparing teachers for equitable education (as shown in Fig. 1) 
highlights the areas of knowledge that teachers should possess, namely (a) sub-
ject content, (b) pedagogical content, and (c) racial and cultural knowledge. The 
reviewed studies highlight that teachers’ knowledge should not be viewed as a “mes-
sage” meant to be delivered to the students, but as a base for interactions and dia-
logue with the students; teachers should be prepared to hear their students’ message. 
(The interaction is indicated with the double arrows between the triangle and the 
classroom context in Fig. 3). In other words, for successful CRE implementations, 
a shift from traditional instruction to learner-centered instruction is needed. Indica-
tive of this shift in the examined studies is (a) the use of constructivist practices for 

Preparing 
teachers for 

equitable 
STEM 

educa�on

Fig. 3   Revised framework for preparing STEM teachers for urban education
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achieving all three outcomes (academic achievement, cultural competence, critical 
consciousness), (b) the culture of dialogue that teachers established with the stu-
dents. Therefore, constructivist and dialectical tools consist part of the pedagogical 
content knowledge that teachers should possess. Such knowledge, though, does not 
end during teachers’ training, but is further developed during the teacher-students’ 
interactions in the context of the classroom.

To understand the interaction aspect, take cultural knowledge as an example. It is 
often suggested that teachers’ pipeline for schools with historically marginalized stu-
dents should prioritize teachers from historically marginalized populations because 
they already have the racial and cultural knowledge needed (Toshalis, 2013). Indeed, 
the current review includes examples of teachers who confirmed that they drew their 
inspiration for integration from their own cultural experiences that were similar to 
their students’ (e.g., use of dominoes for math teaching, use of hip hop for engag-
ing in learning scientific concepts). But cultural knowledge per se is not a pana-
cea. In addition, in many effective CRE implementations, the teachers (regardless 
of their racial and cultural background) did not rely on what they already knew but 
invited their students to reflect on and talk about their personal lived (students’) 
experiences. Such discussions acted as prompts for scientific investigations (e.g., 
when creating inventions that would solve problems of the neighborhood) and/or 
math explorations (e.g., after discussing traumatic experiences with drunks, students 
discovered that the liquor stores in their neighborhood outnumbered the liquor stores 
in other neighborhoods). What stands out from these studies is how engaged and 
empowered students felt for talking about their own experiences. Therefore, besides 
the racial and cultural knowledge teachers should possess (which is an important 
area of their preparation as the original framework highlights), teachers should be 
furthermore equipped with constructivist tools, which promote a dialectical rela-
tionship with their students so that they can understand students’ funds of knowl-
edge and lived experiences.

It is Important to Blend Subject Content, Pedagogical Content, and Cultural 
Knowledge

As Howard and Milner (2021) have identified in their framework, the content and 
pedagogical areas should not be viewed as separate, but as interrelated areas. The 
reviewed studies highlight that none of the three areas is separate, but all areas affect 
each other (illustrated with the triangle and the thin double arrows in Fig. 3). The 
previous section highlights the relationship between pedagogical knowledge (con-
structivist and dialectic practices) and the cultural knowledge. Another example of 
blending is the relationship between content knowledge and cultural knowledge. 
This relationship is important for integrating students’ culture into the curriculum. 
As mentioned above, in many examined cases, students were asked to talk about 
their experiences (informing the cultural knowledge of the teachers). For teachers 
to integrate students’ culture into teaching, a strong subject content knowledge was 
needed. For example, Seiler’s (2001) deep scientific knowledge helped him to con-
nect his students’ interest for drums with introducing the frequency of vibration and 
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the pitch of sound. Gutstein’s (2016) deep and broad knowledge helped him to link 
students’ chosen themes of HIV-AIDS, criminalization, and displacement to the 12th 
grade math curriculum.

Teachers Should be Equipped with Alternative, Constructivist Assessment Tools

The constructivist model of knowledge follows different assumptions about how 
learning happens and how learning can be manifested than the traditional lecture-
type model. Therefore, when teachers use constructivist practices for teaching, they 
should shift their methods of evaluating students’ learning (Pellegrino, 2014). Con-
sidering that the reviewed CRE implementations integrated constructivist teaching 
practices (as other studies also suggest, e.g. Laughter & Adams, 2012), it is not a 
surprise that the reported evaluations shifted from traditional text-based evalua-
tions to more process-based and alternative ones. For example, teachers evaluated 
the quality of dialogue in students’ talk, encouraged students to evaluate themselves 
with the use of self-assessment rubrics, or evaluated students’ artifacts, such as 
newspaper articles, presentations, STEM inventions, and journals. Therefore, as part 
of the pedagogical training, teachers should also get familiarized with constructivist 
methods of evaluating students’ learning.

It is Important to Notice and Shift Teachers’ Beliefs

Howard and Milner’s (2021) framework already acknowledges the important role 
that teachers’ beliefs and dispositions play for their preparation, especially for the 
racial and cultural knowledge. Indeed, beliefs such as colorblindness and merito-
cratic ideas obstruct White teachers from incorporating inclusive practices in their 
teaching; such beliefs have also been acknowledged as challenging in some of the 
examined studies (e.g., Brown & Crippen, 2017).

The current review highlights some additional dimensions of teachers’ beliefs, 
pivotal to consider when preparing math and science teachers (thus, the movement 
of the “beliefs” label in the base of the triangle in Fig. 3). First, teachers who used 
effective CRE practices believed in the relational aspect of education. For example, 
teachers who were successful in achieving cultural competence reported their belief 
in the importance of building strong relationships with their students. Researchers 
also observed that teachers devoted much time and effort in order to build strong 
relationships (e.g., Johnson, 2011; Milner, 2011). Indeed, proponents of CRE 
encourage the development of a culture of communication and caring (Gay, 2010; 
Ladson‐Billings, 1995). Such a mindset may or may not depend on teachers’ idiocra-
sies; and may or may not be attended during teachers’ preparation. Future research 
should examine whether teachers’ training can affect teachers’ mindset about the 
relational aspect of education so that to result in effective CRE implementations.

One of the major challenges that teachers encountered in the examined stud-
ies was their difficulty to incorporate in the mathematics and science curriculum 
what they learned about their students’ race and culture (e.g., Johnson, 2011). 
This difficulty can be linked, among other things, to the decontextualized way that 
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mathematics and science is traditionally taught. This way of teaching is tied to a 
general belief that mathematics and science are neutral and culture-free subjects 
(Gutstein, 2003). For teachers to understand that mathematics and science are not 
culture-free, it is important to educate them about the historical oppression linked 
to math and science, the different perspectives that non-Eurocentric (e.g., Afrocen-
tric) curricula can bring to math and science teaching, and the various ways that 
non-Western civilizations approach these disciplines. Likewise, for teachers to be 
able to integrate their students’ culture to teaching, they need to abolish beliefs that 
scientific and math knowledge is static and objective (rather than dynamic and con-
textualized). These beliefs though, may be core beliefs that cannot be easily changed 
(Thompson, 1992). According to Chen et al. (2015), the dynamic and static ways of 
conceptualizing scientific knowledge are similar to the two ways to see the world as 
suggested by Piaget et al. (1989). Future studies should examine whether and how 
teachers’ preparation can shift these beliefs.

Reconsidering Schools as Sociopolitical Spaces

In the examined studies, teachers who were themselves socio-politically active, were 
confident in instilling critical consciousness to their students. If teachers refuse to 
realize that any action (or non-action) has a political value they will not be able to 
manage controversial discussions (Howard & Milner, 2021), let alone to empower 
their students to ‘read’ and ‘write’ the world (Gutstein, 2003). Indeed, several teach-
ers were worried about how to handle racial discussions, or what others would think 
about lessons that raised sociopolitical issues. Professional development programs 
need to (a) address teacher’s socio-political consciousness and (b) to equip them 
with practices that can raise the socio-political consciousness of their students. 
Using critical race theory as a lens to understand education can raise teachers’ 
awareness (e.g., Stinson et al., 2012).

Conclusion

The discussion of the findings highlights some ideas when considering teacher edu-
cation and professional development: (a) teachers should be equipped with dialec-
tic approaches, which facilitate their interactions and discussions with students, so 
that they can understand their students’ cultures and lived experiences, (b) teachers 
can draw from constructivist approaches, which help them build on what they learn 
about their students’ cultures and lived experiences to create curricula which are 
relevant to minoritized students’ lives, (c) strong content knowledge helps teachers 
to make connections between the content to be taught and students’ lives, (d) teach-
ers should learn how to use alternative assessments that align with the constructivist 
practices they use, (c) teachers’ training should attend to teachers’ beliefs about the 
relational aspect of education, the importance of considering their students’ cultures, 
their own role as facilitators, and the role of schooling as a sociopolitical space.
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Specifically, for the use of CRE in mathematics and science, teachers should 
be also aware of the histories of oppression in STEM fields, of the dynamic rather 
than static nature of mathematics and science, and of the contribution of non-
Western civilizations on mathematics and science. Teacher education in STEM 
can rely on constructivist methods, which align with both CRE pursuits and math-
ematics and science effective approaches of teaching. It is imperative to address 
teachers’ misconceptions that mathematics and science are a-cultural and objec-
tive subjects. An understanding of the role that socio-political and socio-histori-
cal contexts play for the construction of knowledge regarding STEM subjects will 
improve not only CRE aims, but will also contribute to a better understanding of 
the nature and role of mathematics and science.

CRE takes a different perspective of what education should look like, and what 
educational outcomes should be. A potential disadvantage of CRE enactments 
might be a failure to align their outcomes to the dominant science and mathemat-
ics expectations (Harper, 2019). If CRE curricula compromise learning, the result 
might be more harm than good, because science and mathematics achievement 
plays a gatekeeping role (Harper, 2019). This is particularly important for histori-
cally marginalized students, since no educational opportunity should be neglected 
(Gutstein, 2006). The current review shows that, even when teachers are provided 
with training and constructivist tools, they may feel that use of constructivist and 
inclusive practices and the shift from the authoritative role conflicts with cur-
riculum restrictions and institutional norms, such as high-stake tests, classroom 
discussion patterns, role of the teacher as an authoritative figure who has all the 
answers, and classroom management techniques. It is imperative that these norms 
are re-negotiated and reformed.

Whereas it might seem that too many approaches might be under the term CRE 
as used in this review, all these approaches use minoritized students’ culture and 
social justice purposes and aim to address outcomes of academic achievement, 
cultural competence, and critical consciousness. Studies that follow a CRE per-
spective should consider all these three purposes explicitly. Different practices 
might serve different purposes regarding equity and learning. Finding the right 
balance might be a challenge which is important to be acknowledged in future 
CRE research endeavors. Although successful CRE implementations involve col-
lective transformations of habits, beliefs, curricula, and school structures, local 
social actions—such as classroom and school encounters—are not senseless 
(Erickson, 2004); they have the potential of becoming “global, entailed in social 
processes on broader time scales than that of the moment at hand” (Erickson, 
2004, p. 102), contributing to larger social changes.

Appendix: Reviewed Empirical Studies

See Table 4.
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