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Abstract
Implementing computer science education in an elementary classroom is at the forefront of computing education. Neverthe-
less, the literature on K-12 Computer Science (CS) education offers limited guidance for developing elementary CS cur-
ricula that lead to multiple career paths through project-based learning. Particularly, more research is needed on culturally 
responsive elementary school computing that leverages students’ cultural references to create a more equitable CS educa-
tion that acknowledges one’s identity, culture, or background in the curriculum planning. This paper offers an approach for 
designing culturally responsive computing for upper elementary students from a highly diverse, low socio-economic school 
district using a research-practice approach. The approach can be adapted for other schools that face unique diversity and 
curricular challenges.
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Introduction

According to a recent report on the State of Computer Sci-
ence (CS) Education in the United States (U.S.) (2021), 31 
states have adopted various CS education policies that aim 
to include CS amongst the foundational disciplines such as 
mathematics and English language arts. These policies aim 
to (1) create a state plan for K-12 CS, (2) establish rigorous 
K-12 CS standards, (3) allocate funding for CS teacher prep-
aration, (4) implement certification pathways for CS teach-
ers, (5) create preservice programs in CS at universities, (6) 
establish CS supervisor positions in education agencies, (7) 
require that all high schools offer CS, (8) allow a CS credit 

to satisfy a core graduation requirement, and (9) allow CS 
to satisfy a higher education admission requirement (Code.
org, 2020).

Despite recent progress, disparities in access to CS con-
tinue to persist. Only 51% of U.S. high schools offer CS 
(up from 47% last year), but not all populations have equal 
opportunities to participate in CS education. Schools with 
less resources usually offer less CS educational opportuni-
ties; minority and economically disadvantaged students are 
less likely to attend a school that offers CS. Although the 
number of Black/African American, Native American/Alas-
kan, and Native Hawaiian/Pacific Islander students in CS 
courses is equivalent to their overall populations nationally, 
disparities exist in different states. Hispanic/Latino/Latina/
Latinx high school students’ participation in CS courses is 
1.4 times lower than their white and Asian peers, even if they 
attend a school that offers CS. Moreover, economically dis-
advantaged students, English language learners (ELL), and 
students with disabilities are less likely to participate in high 
school CS relative to their regional populations. Only 31% of 
high school students who take foundational CS are females.

The CS education policies rely on the K–12 CS Frame-
work (2016) that was developed by CS education commu-
nity along with leading professional organizations, advisors, 
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and writers to inform the development of standards and 
curriculum, build capacity for teaching CS, and implement 
CS pathways. The Framework articulates the core concepts 
that represent major CS content areas and core practices 
that describe how computationally literate students can 
fully engage with the CS content (Fig. 1). It places a spe-
cial emphasis on creating equitable CS learning opportuni-
ties: “The framework provides a unifying vision to guide 
computer science from a subject for the fortunate few to an 
opportunity for all.” (K-12 CS framework, 2017, p. 3). This 
emphasis poses considerable challenges for schools and edu-
cators who need to rethink their approach for teaching CS 
to create equitable CS learning experiences for all students 
and not only for those who elect to participate in CS educa-
tion. The challenge is particularly significant for schools that 
serve a diverse student population with various backgrounds, 
ability levels, and awareness of CS.

This paper describes how a research-practice partnership 
(Coburn et al., 2013) can be utilized to develop a culturally 
responsive CS curriculum to provide upper elementary stu-
dents from a highly diverse school district with equal oppor-
tunities to participate in CS education and increase their 
interest to continue participating in the CS field. Inspired 
by the values of equity, inclusion, and diversity, the CS cur-
riculum creatively uses the interdisciplinarity of CS to make 
it attractive to students with broader backgrounds and inter-
ests, thus expanding opportunities for future participation in 
various CS pathways.

The approach involves teachers and students as co-con-
structors of the curriculum, thus transforming them from 
passive recipients of curricula into active agents in the 
teaching/learning process through voice (agency) and own-
ership of the process (Goodman & Eren, 2013; Siry et al., 
2016). A case example of a research-practice partnership 
between Kent State University (KSU) and Akron Public 

Schools (APS), Ohio, USA, illustrates an application of this 
approach.

Kent State University—Akron Public Schools 
Research‑Practice Partnership

APS serves many diverse, poor, underrepresented/under-
served groups – which presents unique challenges with 
regard to developing culturally responsive CS curriculum 
that promotes interest in CS. Akron is a quintessential mid-
dle American industrial city in dire need of a lifeline. About 
85% of APS’s students live below the poverty line coming 
from families with median annual income of 24 K. APS 
enrolls more than 21,000 students and employs 3,000 teach-
ing and nonteaching professionals in Northeastern Ohio. In 
addition, Akron has a growing community of immigrants 
and refugees from Bhutan and other countries in the Hima-
layan Mountain region, presenting an additional diversity 
challenge.

For the past several years, APS has been redesigning its 
entire school system into a novel K-12 College and Career 
Academy model of education built on the theme of student 
interest and career-focused knowledge in collaboration with 
Ford Next Generation Learning Initiative (2021; https:// 
www. fordn gl. com/). The goal is to prepare a new generation 
of high school graduates who are ready to compete success-
fully in the 21st-century economy through a unique career 
academy framework. Students’ choice of a particular acad-
emy and pathway stems from their interest in various activi-
ties (Fig. 2). The education that delivers the pathway-specific 
skills culminates in the high school level Academies. The 
elementary and middle schools work to prepare students for 
an academy of their choice.

Fig. 1  The K-12 Computer Sci-
ence Framework
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Categorized among the most distressed inner-city schools 
in Ohio ("Very High Student Poverty and Very Large Stu-
dent Population”), APS students face many structural and 
social barriers that negatively affect their awareness of 
and interest in CS, as there are not many CS-related jobs 
in Akron and its surroundings, which limits APS parents’ 
exposure to CS (Google Inc. & Gallup Inc., 2017; Wang 
& Hejazi Moghadam, 2017). Creating awareness of CS in 
underrepresented populations and providing them with CS 
learning experiences at an early age is integral to increas-
ing CS participation and directly aligned with the K-12 
CS Framework’s (2016) vision of offering equitable CS 
education.

Over the past three years, KSU CS education research-
ers have been working together with APS to implement the 
computing and technology pathway courses. The first co-
developed course debuted in APS high schools in the Fall of 
2019 with the goal of addressing pre-university factors that 
negatively affect interest and performance of undergradu-
ate students in core CS courses, as APS high school stu-
dents display a lack of interest in APS’ existing CS courses, 
including Advanced Placement in CS Principles. Student 
participation in this course is considerably lower than even 
the Information Technology courses offered through APS. 
This lack of interest in CS courses at the high school level 
is not surprising, as APS students have very limited oppor-
tunities to experience CS in earlier grades that are critical 

for developing children’s interest and desire to learn CS and 
pursue a CS career (Grover et al., 2015).

Trends in K‑12 Computer Science Education

Computing at the elementary school level

The importance of bringing CS experiences to elementary 
school children has been acknowledged by educational pol-
icy (K-12 CS Framework, 2016), the computing industry 
(Kumar, 2014), and researchers (Angeli et al., 2016;  Gibson, 
2012). Several CS educators and developmental psycholo-
gists like Piaget (Santrock, 2004) argued that K-6 students 
do not have abstract reasoning capabilities, which makes 
teaching CS in young children, particularly the concept of 
abstraction – one of the essential processes in CS – ineffec-
tive (Armoni, 2012). However, research shows that young 
children are capable of abstract thinking (Gibson, 2012). In 
fact, many researchers and educators agree that middle or 
high school is too late for introducing children to CS and 
cultivating their interest in STEM, as students tend to lose 
their interest in STEM during these years (George, 2006; 
Miller et al., 2006) and resulting in them not considering a 
STEM career later in life (Jack & Lin, 2014). Therefore, it is 
important to expose diverse groups of children to the world 
of computing as early as possible (Gibson, 2012; Stanovich, 

Fig. 2  APS’ College and Career Academy model of five academy themes and pathways
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2000). Both the K-12 CS Framework (2016) and Ohio’s 
K-12 CS Education Standards (2018) affirm the importance 
of teaching CS at earlier ages and offer a framework for 
teaching all CS core concepts and practices in each grade 
level (Fig. 1).

It is important to note that learning CS does not mean 
that children should become computer scientists. Rather, 
the goal is to prepare them for the variety of the twenty-
first century careers that are being increasingly influenced 
by the rapidly changing world of computing. For example, 
bringing computational tools and practices into elementary 
school classrooms gives students a more realistic view of 
how computing impacts our world (Orton et al., 2016). This 
may include the addition of “coding” activities to support 
instruction of other subject areas (Grover et al., 2015; Kazi-
moglu et al., 2012; Lye & Koh, 2014; Touretzky et al., 2013) 
and the integration of modern uses of computation aligned 
with the work of STEM professionals (Orton et al., 2016; 
Uzzo & Chen, 2015; Wilensky et al., 2014).

Nevertheless, the literature on K-12 CS education sug-
gests that much more guidance from empirical research 
is needed to ensure that CS curricula sets the foundations 
for positioning students as young scientists and innovators. 
Particularly more research is needed in elementary educa-
tion because innovating within elementary classrooms has 
the potential to reach all students early on (Ketelhut et al., 
2020).

Interdisciplinarity of computer science

Many high and middle schools in the USA offer stand-alone 
CS courses. However, implementing stand-alone CS courses 
in today’s elementary schools is usually infeasible because 
the school days are jam-packed with other required subject 
areas. Instead of including CS as an additional discipline 
in the elementary curriculum, CS topics can be integrated 
into instruction across subject areas, including mathemat-
ics, science, history, English, language arts, fine arts, world 
language, and career courses. This approach also reflects the 
growing interdisciplinarity of CS, as computing is becoming 
increasingly integrated into all aspects of our life.

From a historical standpoint, the first two decades of the 
CS discipline were characterized by the synergistic relation-
ship of computing with the natural sciences and engineering 
disciplines such as physics, chemistry, and biology, beyond 
the foundational connection between computing, mathemat-
ics, combinatorics, and electronics disciplines that provided 
the CS theoretical underpinning and hardware embodiment. 
In recent decades, however, we have seen computing becom-
ing progressively more entangled with the social sciences, 
humanities, and the arts. These connections are beneficial to 
all fields, as high-performance computing and communica-
tion technologies foster innovation, research, and education 

in the humanities, arts, and social sciences; while social 
sciences, humanities, and arts enrich the human and social 
aspects of computing systems. An important consequence of 
this transformative impact of computing across disciplines 
is that computing knowledge is now increasingly important 
to succeed in any profession. CS educators and researchers 
have repeatedly argued about the importance of K-12 CS 
education because of its ability to lead to multiple career 
paths, engage students in intellectual activities that are valu-
able across school curricula, support other disciplines, pro-
mote problem-solving, as well as teach about the problem-
solving process itself (Ericson, 2008).

Culturally responsive computing

Although computing has received increased attention from 
educators, schools, legislators, and researchers, historically 
underrepresented populations in CS still face persistent bar-
riers to access and participate in CS education. Research on 
STEM pathways shows that U.S. students lack basic inter-
est in pursuing STEM careers, which creates an additional 
barrier to exploring and engaging in STEM fields and CS, 
particularly, among young people. Interest explains stu-
dent motivation to engage and persist in CS careers and is 
influenced by many factors, including role models, occu-
pational stereotypes, self-efficacy, and CS experiences and 
awareness. Creating culturally responsive computing expe-
riences has been shown to increase computing relevance 
and broaden participation in underrepresented youth (Kafai 
et al., 2014; Tofel-Grehl et al., 2017).

Culturally responsive CS education emphasizes a student-
centered learning process that is informed by the students’ 
needs and interests (Gay, 2013) with the goal of empower-
ing students and teachers as active participants in the CS 
curriculum planning process (Brown-Jeffy & Cooper, 2011; 
Howard & Clarence, 2011; Ladson-Billings, 1995). Using a 
social justice lens, it leverages students’ cultural references 
to create a more equitable CS education that acknowledges 
one’s identity, culture, or background in the curriculum plan-
ning. Scott and colleagues (2013, 2015) utilized frameworks 
and theories of equitable teaching and learning practices to 
develop the Culturally Responsive Computing (CRC) the-
ory that focuses on equitable education in computing. CRC 
theory promotes the following five principles:

1. All students are capable of digital innovation
2. The learning context supports transformational use of 

technology
3. Learning about one’s self along various intersecting 

sociocultural lines allows for technical innovation
4. Technology should be a vehicle by which students reflect 

and demonstrate understanding of their intersectional 
identities
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5. Barometers for technological success should consider 
who creates, for whom, and to what ends, rather than 
who endures socially and culturally irrelevant curricu-
lum.

Scott et al. (2015; pp. 420–421).
CRC emphasizes the importance of integrating learners’ 

views and subject area knowledge into the curriculum, thus 
creating authentic learning experiences that are personally 
relevant and interesting (“personal authenticity”). These 
experiences allow learners to reflect on their academic and 
personal growth in computing while explicitly connecting 
them to larger societal issues and making links with their 
peers and communities (Leonard & Sentance, 2021) .

Culturally responsive computing practices have been used 
to raise students’ sociopolitical consciousness in their com-
munities (Scott et al., 2015), acknowledge students’ cultural 
heritage through artifacts in computing (Babbitt et al., 2015), 
connect computing experiences with the local environment 
of participants (Eglash et al., 2011), personalize CS learn-
ing experiences (Kafai et al., 2014), build community con-
nections among local community members, students and 
schools (Lachney, 2017), and recognize students’ self-iden-
tities (Ashcraft et al., 2017) and connections to the partici-
pants’ real world context (Xie & Reider, 2014).

Several studies compared the effectiveness of culturally 
responsive computing with more traditional instructional 
approaches for teaching computing. For instance, Eglash 
et al. (2011) integrated African heritage culture through arti-
facts by developing a website that uses simulations of Afri-
can fractal designs for teaching fractal geometry (recursion, 
iteration, dimension, scaling, infinity). Using a pre-/posttest 
quasi-experimental research design, the authors examined 
the effectiveness of their ethnocomputing approach in under-
represented high school students compared with a more tra-
ditional approach that utilized a popular Web site that did 
not include any cultural content. Students from the ethno-
computing group scored much higher on the post-assessment 
of content knowledge and interest in CS careers than their 
peers who interacted with the non-cultural website. Similar 
findings were reported in Babbitt et al.’s (2015) study that 
developed and evaluated “Culturally Situated Design Tools” 
that simulate the geometric forms and algorithmic compo-
sition of a textile stamping tradition in Ghana for culture-
based mathematics (ethnomathematics) education. Cultur-
ally Situated Design Tools employ various cultural contexts 
and user interfaces that connect mathematics, computing and 
science education with social knowledge. Using a posttest-
only quasi-experimental design, the authors compared the 
effectiveness of culturally situated design simulations that 
they developed with non-cultural software of GeoGebra for 
teaching the mathematics of logarithmic spirals to middle 
school students from Ghana. Students who participated in 

the ethnomathematics instructional unit significantly outper-
formed their peers from the non-cultural group on the post-
test that assessed their content knowledge. More recently, 
Tofel-Grehl et al. (2017) compared middle school students’ 
motivation and learning outcomes in a traditional circuitry 
instructional unit versus an e-textile unit. The e-textile unit 
combined the elements of making, embedded computing, 
and circuit design while covering the same instructional con-
tent as the traditional unit group. This culturally relevant 
education approach allowed students to personalize their 
CS learning experiences through e-textile designs. Both 
groups showed significant learning gains after completing 
the instructional units. Although non-significant posttest dif-
ferences in academic performance were identified between 
the two groups, students from the e-textile group reported 
significantly higher interest in science after completing the 
unit. In particular, they reported positive identity shifts in 
their perceptions of the beliefs of their peers, family, and 
teacher.

Although research in this area shows promising findings, 
most of culturally responsive computing education took 
place in out-of-school or after-school settings, which limits 
its ability to reach larger numbers of students (Lachney & 
Yadav, 2020). In addition, a recent literature review of cul-
turally relevant education in computing indicated that most 
of culturally responsive computing approaches were imple-
mented with middle and high school students (Morales-Chi-
cas et al., 2019). Research on culturally relevant computing 
for younger students is scant. Indeed, creating culturally 
responsive computing for elementary students may pose 
additional challenges that relate to engaging young partici-
pants in the curriculum planning process to better under-
stand their self-identities, cultural heritage, and personally 
relevant real-world connections. One possible reason for this 
is that there is no one-size-fits-all recipe for developing and 
implementing culturally responsive computing, because the 
process is influenced by local needs and contexts. In order to 
connect CS curricula with children’s everyday interests and 
experiences, we need a better understanding of children’s 
preferences for individual topics and learning activities in a 
CS classroom. This process may require creating opportuni-
ties for collaboration with teachers as well as out-of-school 
interactions with parents and local communities to gain an 
insight into the students’ local contexts.

Development of a Culturally Responsive 
CS Curriculum in the Akron Public Schools 
District

APS has 30 elementary schools that are organized into 
seven clusters that represent culturally, ethnically, and lin-
guistically diverse communities. While this large number 
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of schools and clusters presents considerable logistic and 
implementation challenges, it also creates an opportunity 
of developing a culturally responsive CS curriculum that 
is informed by research that advocates for curriculum that 
recognizes, reflects, and validates the interests, cultures, and 
worldviews of learners. It connects children’s background 
and everyday interests with CS content (Morales-Chicas 
et al., 2019). In such an environment, diversity is valued 
as an asset, which leads to effective teaching and learning 
(Adams et al., 2014; Çakır et al., 2017; Gay, 2013; Ladson-
Billings, 2014). Specifically, a purposeful selection of school 
clusters that serve some of the most diverse APS populations 
of students can help curriculum developers learn about chil-
dren’s cultural heritage and personally relevant real-world 
connections in each cluster or school. For instance, APS has 
three clusters that capture the district’s cultural and racial 
diversity: (a) predominantly black community, (b) blue 
color occupations community, and (c) community of highly 
diverse students (85% of students categorized as diverse; 
37% of them come from the Asian refugee population). To 
gather relevant information about each cluster, two elemen-
tary schools from each cluster can be selected. This approach 
results in six elementary schools participating in the design 
and implementation of the CS curriculum.

Like many elementary schools in the US, APS does not 
have designated elementary CS/technology teachers. To 
integrate computing activities into their elementary curricu-
lum, APS decided that that all elementary school students 
from the participating schools would have one 45-min class 
period per week designed for CS/technology. In addition, 
a teacher from each grade level (grades 3–5) who teaches 
mathematics or science in each participating elementary 
school can assist with the design and field testing of the CS 
curriculum to better integrate it into other disciplines such 
as science and mathematics.

Our research-practice partnership approach for creat-
ing a culturally responsive CS curriculum aims to pro-
duce research that informs local policy and practice 
(Coburn et al, 2013). Specifically, our goal is to increase 
CS awareness and interest in computing in APS students. 
Our design approach is informed by Scott and colleagues’ 
(2015) CRC theory and Lee’s (2003) Cultural Modeling 
Design Framework. Lee’s framework is helpful in shaping 
our understanding of how the design of learning environ-
ments, those that are computer-based and those that do not 
use computers, should take culture into account. Factors 
such as (a) a student prior knowledge and cultural models 
as ways of knowing, as well as (b) design for engagement 
and motivation, and social and civic empowerment rep-
resent critical steps in the design of culturally relevant 
learning environments and computer-based tools. To this 
end, our project involves teachers as co-designers to plan 
and field test the CS elementary curriculum, leading to 

a wide-spread curriculum implementation and adoption 
in APS. The co-design process leverages the expertise 
of teachers and researchers to (1) identify relevant CS 
standards and corresponding learning goals/objectives; 
(2) understand students’ every-day interests and cultural 
backgrounds; (3) identify existing CS curriculum materi-
als and customize them to meet the APS students’ needs 
and interests; (4) create additional CS activities and 
resources as needed. The goal is to create a CS curriculum 
that emphasizes project-based learning with opportuni-
ties for students to showcase their projects. The following 
components constitute the essential blocks of the cultur-
ally responsive CS curriculum:

• CS standards and learning goals
• resources and activities that help students develop their 

understanding of CS careers and interest in CS, includ-
ing videos with CS role models, books, and educational 
materials

• a sample CS project or activity and its accompanying 
lesson plan that are aligned with relevant learning goals/
standards

• several alternative projects/activities that students can 
complete while meeting the same learning goals/stand-
ards

• supporting educational materials
• teaching guide
• assessments

The alternative CS projects/activities and their develop-
ment (described in the next section) are the unique choice 
feature of this culturally responsive CS curriculum. It 
reflects the diversity of local students’ backgrounds and 
interests. For example, a coding curriculum that engages 
students in a block-based programming project does not 
need to rely on one learning tool, e.g., Scratch, or center 
around one theme, e.g., video games. Rather a block-based 
programming project can involve various tools, such as emo-
tional educational robotics, drones, and Scratch to mention 
just a few, while covering the same CS content and instruc-
tional features. Indeed, research shows that distinct learning 
computing activities that meet the same learning objectives 
while relying on the same fundamental computing skills and 
knowledge can lead to equally effective learning outcomes 
(Smith et al., 2022). Moreover, the traditional sequential 
STEM curriculum that uses technical content rather than 
students’ interests as the starting point fails to attract and 
retain STEM majors (Denofrio et al., 2007). Designing CS 
curricula that connects students’ interests in everyday life 
with CS content can increase student motivation to learn, 
because providing students with personally relevant and 
interesting learning materials allows students to experience 
intrinsic goal orientation (Deci & Ryan, 1985; Keller, 2008).
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Figure 3 illustrates the organization of the APS cultur-
ally responsive CS curriculum. The APS’ CS curriculum 
aligns with the K-12 CS Framework (2016) and Ohio’s 
Standards and Model Curriculum for CS (2018) that organ-
ize all standards for all grade levels in the following five 
strands: computing systems, networks and the Internet, Data 
and Analysis, Algorithms and Programming, and Impacts of 
Computing (Table 1). The CS standards support the progres-
sion of learning in each core strand across all grade levels.

When implementing the culturally responsive CS curricu-
lum in a classroom, children can select a project/activity of 
their choice. This student-driven personalization of learning 
process can improve students’ motivation and ownership of 
learning (Denofrio et al., 2007; Rahimi et al., 2015; Wan-
ner & Palmer, 2015) as well as help students “construct the 

environment for themselves: the tools they choose, the com-
munities they start and join, the resources they assemble, 
and the things they write” (Wilson, 2008; p. 2). This can be 
achieved by providing students with relevant content, tech-
nological, and social choices. Thus, in addition to offering 
students an option of selecting a project of their choice, it 
is important to take care of the social and communicational 
aspects of their learning (Rahimi et al., 2015). The social 
aspect entails students working collaboratively on their 
projects, emotional support that they may need, and stu-
dents seeking help from their teachers, family, and peers. 
In addition, personalization of learning processes increases 
communication between teachers and students. Toward this 
end, gender neutral teaching (Master et al., 2015), building 
a strong foundational knowledge early on (Bosse & Gerosa, 

Fig. 3  Overview of the APS’ 
culturally responsive CS cur-
riculum framework.  Adapted 
from the Ohio’s Standards & 
Model Curriculum for Com-
puter Science, 2018, http:// 
educa tion. ohio. gov/ getat tachm 
ent/ Topics/ Learn ing- in- Ohio/ 
Compu ter- Scien ce/ Model- Curri 
cula- in- Compu ter- Scien ce/K- 
12- Compu ter- Scien ceMC. pdf. 
aspx? lang= en- US

Strand

Project/Ac�vity Project/Ac�vity Project/Ac�vity

Topic

Content 
Standards

Projects/activities are aligned with each set of 

content standards. They reflect the diversity of local 

students’ backgrounds and interests. When 

implementing the culturally responsive CS 

curriculum in a classroom, students can select a 

project/activity of their choice while meeting the 

same CS standards.

Topics organize the content within each strand. 

Topics are the key subjects within each strand.

Strands are the large overarching categories that 

organize the content within the CS standards. 

They represent core concepts within CS.

Content standards identify essential knowledge 

and skills that students should know and be able 

to do within each topic

Table 1  The K-12 Computer Science Framework: Computer Science Core Concepts

Strand Strand Description

Computing Systems Addresses how devices, including hardware and software, interact to accomplish tasks and how students can 
troubleshoot computing systems when they do not work as intended

Networks and the Internet Addresses how networks connect to share information and resources and how students can apply cybersecurity 
concepts to protect information

Data and Analysis Addresses how data can be collected and stored; analyzed and communicated; and used to make more accurate 
predictions

Algorithms and Programming Addresses program development, including the use of algorithms, variables, control structures, and modules
Impacts of Computing Addresses computing's influence on our world by examining the relationship between computing and culture, 

computing's impact on social interaction, and legal and ethical implications of computing

http://education.ohio.gov/getattachment/Topics/Learning-in-Ohio/Computer-Science/Model-Curricula-in-Computer-Science/K-12-Computer-ScienceMC.pdf.aspx?lang=en-US
http://education.ohio.gov/getattachment/Topics/Learning-in-Ohio/Computer-Science/Model-Curricula-in-Computer-Science/K-12-Computer-ScienceMC.pdf.aspx?lang=en-US
http://education.ohio.gov/getattachment/Topics/Learning-in-Ohio/Computer-Science/Model-Curricula-in-Computer-Science/K-12-Computer-ScienceMC.pdf.aspx?lang=en-US
http://education.ohio.gov/getattachment/Topics/Learning-in-Ohio/Computer-Science/Model-Curricula-in-Computer-Science/K-12-Computer-ScienceMC.pdf.aspx?lang=en-US
http://education.ohio.gov/getattachment/Topics/Learning-in-Ohio/Computer-Science/Model-Curricula-in-Computer-Science/K-12-Computer-ScienceMC.pdf.aspx?lang=en-US
http://education.ohio.gov/getattachment/Topics/Learning-in-Ohio/Computer-Science/Model-Curricula-in-Computer-Science/K-12-Computer-ScienceMC.pdf.aspx?lang=en-US
http://education.ohio.gov/getattachment/Topics/Learning-in-Ohio/Computer-Science/Model-Curricula-in-Computer-Science/K-12-Computer-ScienceMC.pdf.aspx?lang=en-US
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2017), and encouragement from teachers (Google, Inc. & 
Gallup, Inc., 2017) can provide meaningful, culturally rel-
evant CS experiences that inspire, engage, and help students 
thrive in CS.

The next sections describe the process of the culturally 
responsive CS curriculum design, development, field testing, 
implementation, and evaluation.

Phase 1. Planning & Analysis The process begins with the 
development and refinement of the overall vision/plan for 
the CS curriculum development through conversations with 
APS administrators, learning specialists, and participating 
teachers to devise a plan for identifying information about 
local children’s needs and interests. To better understand 
children’s interests and real-world connections, participating 
teachers need to gather the following information in their 
classrooms:

(a) Understand what students enjoy doing. The APS’ Col-
lege and Career Academy model (Fig. 2) can be used to 
inquire about children’s career interests, e.g., working 
with others, writing, caring for others, understanding 
how human body works, building or fixing things, etc.

(b) Ask students to make a list of all the things that they do 
not currently learn in school but wish they could, e.g., 
saving money, cooking, designing video games.

(c) Identify issues that personally bug children about the 
world, e.g., younger brothers, adults not trusting kids, 
pollution.

Additional tools for collecting background informa-
tion about children and their families may include various 
background questionnaires that APS routinely administers 
throughout the year as well as more targeted instruments 
such as the School Experience Survey for Elementary Stu-
dents (Anderson-Butcher et al., 2013), and If I Ran the 
School interest inventory (Reis & Siegle, 2002) that focus 
on children’s extracurricular activities, peer relationships, 
and specific academic interests.

Once all data are collected, the project team together with 
APS teachers and diversity specialists analyzes the data to 
better understand student interests and needs in order to 
develop personally relevant CS learning experiences. This 
information together with the Ohio CS Model Curriculum & 
Standards (2018) lay a foundation for teachers and research-
ers to co-design a culturally responsive CS curriculum that is 
relevant to the local children’s real-world contexts and self-
identities, which has shown positive outcomes for broaden-
ing participation in CS by underrepresented and underserved 
populations (Morales-Chicas et al., 2019). Concurrently, the 
research team and teachers identify topics for teacher pro-
fessional development to enhance teachers’ knowledge and 
skills in CS and culturally responsive computing.

Phase 2. CS Curriculum Co‑Design, Iterative Field Testing, and 
Refinement After completing the professional development, 
APS teachers and KSU team start co-designing CS modules 
and lessons. This co-design approach leverages expertise 
of CS experts, instructional designers, as well as diversity 
and accessibility specialists. A wide range of real-world CS 
applications was identified for potential inclusion in the CS 
curriculum:

• Personal Privacy and Safety, e.g., telerobotic responders/
nurse/police for dangerous situations such as building 
collapse or pandemic. These topics make use of aug-
mented reality, robotics, drone, tele-immersion, human 
intelligence, and network applications.

• Analytics and Visual Tools for improving our understand-
ing of the society, environment, pollution, resource dis-
tribution, and conflict mitigation in daily life.

• Fashion for Expression connects the world of fashion 
with technology, e.g., functional smart textiles and wear-
able electronics that are comfortable, culturally sensitive, 
and fashionable (Kafai et al., 2014). Fashion world is lead 
equally by all genders, celebrating individual expression 
and cultural diversity, which is particularly relevant for 
culturally responsive computing.

• Biology Live aims to make microscopic biology (systems, 
cells, actions, movements) visible to a naked eye with 
the power of CS using big and smart data, e.g., Brain 
Atlas (Clements & Blank, 2008), GPU computing, super-
computing, electron microscopy, and algorithms to bring 
biology live.

Experts in each of these topics are available through the 
KSU-APS research-practice partnership that connects KSU 
faculty with APS. Participating faculty and experts are rec-
ognized with ‘gift-of-intellect’ badges to promote KSU fac-
ulty participation.

After the initial development of the CS curriculum, the 
participating teachers with the help of KSU specialists field 
test the lessons that they co-developed in their classrooms 
to formatively evaluate the lessons and get teachers’ and 
students’ feedback. Toward this end, semi-structured focus 
group interviews with teachers and students, classroom 
observations, and review of students’ CS-related products 
and assessments can be employed. To analyze the data, 
constant comparative analysis (Glaser & Strauss, 1967) can 
be employed for focus group interview responses; quan-
titative and qualitative data collected during the iterative 
field testing, and refinement process need to be triangulated 
(Creswell & Plano Clark, 2018) to confirm, cross-validate 
or corroborate findings.

The formative evaluation data would inform the further 
refinement of the CS curriculum to provide relevant support 
with the curriculum implementation. In addition, during this 
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phase, APS accessibility specialists ensure that the devel-
oped lessons meet accessibility standards and translated to 
ELLs’ native languages.

Phase 3. Curriculum Implementation and Summative Evalu‑
ation During this final phase, APS participating teachers 
implement the CS learning activities that were planned for 
their students. Students are offered to choose a project/activ-
ity that they like, and the research team collects and analyzes 
relevant data to evaluate the CS curriculum. An analysis of 
students’ choices of CS projects and activities as well as stu-
dent academic performance in a CS classroom can advance 
our understanding of children’s interests and preferences for 
specific topics in a CS classroom while informing relevant 
theories of culturally responsive computing practices in 
upper elementary school.

Examples of culturally responsive computer 
science activities

Equitable CS education is not just about making CS avail-
able for all in a school; it is also about CS pedagogies and 
curriculum. For example, connecting CS curriculum with 
other subject areas and establishing CS learning progres-
sions across all grade levels can increase awareness of CS 
among historically underrepresented in CS students, which 
can lead to the recruitment of diverse students into elective 
CS classes. Employing inclusive CS pedagogies that connect 
diverse learners to their peers and communities can help cre-
ate the classroom culture that supports diversity and equity. 
The overarching goal is to move away from the notion that 
CS is a discipline for select and make it relevant for a diverse 
classroom of students, considering factors such as student 
identity, race, gender, culture, English language proficiency, 
disability, etc.

Specifically, equity can be woven into the K-12 CS 
Framework’s core concepts. For example, the Impact of 
Computing core concept lends itself naturally to the ideas 
of equity and inclusion in CS: “Individuals and communities 
influence computing through their behaviors and cultural 
and social interactions, and in turn, computing influences 
new cultural practices. An informed and responsible per-
son should understand the social implications of the digital 
world, including equity and access to computing” (K-12 CS 
Framework, 2016; p. 92). Accordingly, by the end of Grade 
5 students should be able to understand the following:

• “The development and modification of computing tech-
nology is driven by people’s needs and wants and can 
affect groups differently” (Culture; K-12 CS Framework, 
2016; p. 105)

• “Ethical complications arise from the opportunities pro-
vided by computing. The ease of sending and receiving 
copies of media on the Internet, such as video, photos, 
and music, creates the opportunity for unauthorized use, 
such as online piracy, and disregard of copyrights, such 
as lack of attribution” (Safety, Law, and Ethics; K-12 CS 
Framework, 2016; p. 105).

In addition to CS core concepts that focus on knowing 
CS, the framework includes seven CS practices that focus 
on doing CS. For example, CS practices like collaborat-
ing around computing, communicating about computing, 
and fostering an inclusive computing culture can be used 
to further promote equity, inclusion, and diversity in a CS 
classroom. The following examples of CS activities and pro-
jects demonstrate how equity, inclusion, and diversity can 
be addressed in a CS classroom. Each of these examples can 
be adapted to accommodate students’ CS prior knowledge, 
background characteristics, and English language profi-
ciency, as well as desired learning outcomes and difficulty 
level.

Example 1. A Scratch programming assignment: 
Showing ‘respect’ in different cultures

Students sketch a person who is showing ‘respect’ in 
their culture. Students can use a copyright free image and 
digitally draw over it in Scratch. Ask students to present 
their designs and discuss them. This activity addresses the 
(a) Culture and (b) Safety, Law, and Ethics aspects of the 
Impacts of Computing core concept while fostering an inclu-
sive computing culture and engaging students in communi-
cation about computing and culture.

Example 2. A Scratch programming assignment: A 
‘determination’ hand gesture 

Students draw a hand gesture that symbolizes ‘determina-
tion’ using geometric shapes in Scratch. To begin, place the 
shapes randomly. Then, creatively assemble them to form a 
hand gesture that symbolizes ‘determination’. Ask students 
to present their designs and discuss them. This activity pro-
motes an inclusive computing culture and communication 
about computing.

Example 3. A Scratch programming assignment: A 
symbol representing a student ancestor’s country

Students select the national bird/flag of their grand-
mother’s country of origin. Using geometric shapes, they 
create an animation of the bird/flag flying in Scratch 
and include a background music from that country. This 
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activity promotes an inclusive computing culture and 
addresses the Culture aspect of the Impacts of Computing.

Example 4. Scratch storytelling

In this project, students bring characters from their 
favorite story (e.g., book, nursery rhyme, childhood story, 
etc.) to life by coding their actions in Scratch. This activ-
ity promotes an inclusive computing culture and addresses 
the Culture aspect of the Impacts of Computing.

Example 5. Bias & Fairness in Artificial Intelligence 
(AI)

Students evaluate the efficacy of Facebook’s human 
face detection algorithm that is used for automatic tagging 
of male vs. female faces. Is the accuracy similar across 
genders? The activity can be repeated for different ethnic 
groups (e.g., Black, White, Native American, Asian, His-
panic, etc.). This CS activity targets high school standards 
in the Impacts of Computing, Algorithms and Program-
ming, and Data and Analysis core concepts, but can be 
adapted for younger learners through a discussion of bias 
and fairness in AI.

Example 6. An unplugged activity: Computational 
Thinking

Students select a country of their choice and assign 
a number between 1–10 to each of the following words 
in the order of their power in that country: CITIZEN, 
PRIME MINISTER, JUDGE, POET, ARMY GENERAL, 
KING/PRESIDENT. Sort them (hint: students need to set 
their own criteria for ‘power’ first!). Now, reassign the 
numbers 1–10 that reflect the power in your ideal society! 
This computational thinking activity engages students 
with CS concepts such as algorithms as well as data and 
analysis.

Example 7. A Scratch programming assignment: 
Languages around the world

Students create a Scratch music presentation that 
assembles and plays ~ 20 s of a popular music represent-
ing each continent. Try not to repeat languages across the 
continents. Then, add sub-titles for the lyrics in either 
‘most spoken’ language, ‘newest’ spoken language, or 
‘sweetest’ language in the world (find out which ones are 
these!) based on a user’s choice. This CS activity con-
nects the Impacts of Computing and Algorithms and Pro-
gramming core concepts while creating an inclusive CS 
classroom that promotes diversity and global awareness.

Conclusion

Implementing CS education in an elementary classroom is 
at the forefront of computing education. This paper offers 
an approach for designing culturally responsive comput-
ing for upper elementary students from a highly diverse, 
low socio-economic school district. This approach can be 
adapted by other schools that face unique diversity and 
curricular challenges, as it strategically leverages the 
school diversity to develop a CS curriculum that is rel-
evant to the intendent learners, while fostering student 
engagement with the CS field and creating early aware-
ness of the CS careers.
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