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The specific mechanisms by which teachers and parents can provide culturally relevant opportunities for com- 
putational thinking for racially/ethnically and linguistically diverse groups of preschoolers remain unknown. 
Accordingly, the purpose of this research is to examine how PreK parent and teacher voice directed efforts to 
realize a culturally relevant computing program. We drew data sources from a subsample of design-based re- 
search meetings in which partners collaborated to co-develop the first iteration of the program. Using qualitative 
analysis, we examined how parent voice and teacher voice, conceptualized as perspectives and participation, 
influenced theories of culturally responsive computing and computational thinking in early childhood education 
and the translation of theory into practice in classroom and home settings. Findings showed that connecting pow- 
erful ideas from computational thinking, namely algorithms and problem solving (e.g., debugging), to familiar 
activities and experiences served as a powerful entry point. Yet, differences arose in how teachers and parents 
conceptualized culturally relevant computing and made connections to familiar routines. We discuss what can 
be learned from parent voice in regards to bolstering children’s self-expression, access to increasingly complex 
computational thinking tasks, and opportunities for learning cultural and community values through computing. 
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Computer science education can help realize a range of educational
nd social goals, including workforce development, social innovation,
ivic engagement, and equity ( Vogel et al., 2017 ), but to remedy the
ervasiveness of inequities and racist practices within computer sci-
nce, asset-based perspectives and culturally relevant approaches are
ecessary to support the learning and development of BIPOC 

1 students
 Leonard et al., 2022 ; Madkins et al., 2020 ). Despite promising models in
-12 (e.g., Eglash et al., 2013 ; Jacob et al., 2018 ; Lee et al., 2015 ; Zhang
 Nouri, 2019 ), pre-kindergarteners have largely been overlooked in
computer science for all ” ( Smith, 2016 ) initiatives. Young BIPOC chil-
ren express a strong interest in computer science, and their parents
nd caregivers 2 often encourage pursuit of a career in computer science
 Wang & Moghadam, 2017 ). Yet, BIPOC preschoolers from multiple lan-
uage communities rarely gain access to toys or tools that encourage
∗ Corresponding author. 
E-mail address: fharper1@utk.edu (F.K. Harper) . 

# At the time of writing, The CRRAFT Partnership included the named authors and
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1 BIPOC stands for “Black, Indigenous, and People of Color. ” The term is used in
dvance racial justice ( The BIPOC Project, 2016 ). 
2 Henceforth, we use “parents ” to mean any caregivers who serve in a parenting ro
3 We use “teachers ” to refer to licensed PreK teachers and teaching assistants/educ
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cience play ( Gerde et al., 2021 ), which can promote computational
hinking. When children enter school with such learning opportunity
aps, those gaps only continue to grow wider throughout elementary
chool ( Chaudry et al., 2017 ), and the same should be regarded for com-
uter science education. 

Because PreK parent engagement and at-home learning relate to chil-
ren’s overall school readiness ( Barnett et al., 2020 ), PreK computer
cience education requires the involvement of both PreK teachers 3 and
arents. Meanwhile, the specific mechanisms by which teachers and par-
nts can provide asset-based, culturally relevant opportunities for com-
utational thinking across school and home settings remain unknown.
hus, program development must center teachers’ and parents’ perspec-
ives and funds of knowledge ( González et al., 2005 ). Accordingly, the
urpose of this study is to examine how PreK parent and teacher voice
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L  
irected efforts to bring a culturally relevant computing program to
IPOC children’s homes and schools. More specifically, we considered
ow parent and teacher voice provided the foundation for building the-
ries of culturally relevant learning and computational thinking and
ranslating those theories into practice. 

. Early childhood computer science education 

A burgeoning body of research seeks to examine the impact of com-
uter science education in early childhood. A recent systematic review
f research on programming in early childhood found thirty-four rele-
ant studies ( Macrides et al., 2022 ). Studies have focused on a variety
f tools in early childhood, including electronic gaming platforms (e.g.,
ladé et al., 2016 ), coding and programming (e.g., Lee & Junoh, 2019 ),
nd robotics education (e.g., Sullivan & Bers, 2016 ). Researchers largely
gree that tangible technologies, which allow for physical input and
anipulation, or unplugged activities, which do not feature computer

nvolvement, best support young children to create programs and de-
ug them ( Lee & Junoh, 2019 ; Macrides et al., 2022 ). Moreover, young
hildren also benefit from building foundational understandings of how
he technology they use routinely works ( Martinez et al., 2015 ). Across
pproaches, computer science education in early childhood is most of-
en guided by a Positive Technological Development framework, which
ntegrates computer science learning opportunities with other activ-
ties (e.g., music, dance) to promote positive interpersonal develop-
ent ( Macrides et al., 2022 ). Translating this framework into practice

s guided by four key dimensions ( Bers & Sullivan, 2019 ): (1) convey-
ng powerful ideas from computational thinking; (2) promoting self-
xpression, (3) differentiating for novice engagement and increasingly
ore complex tasks, and (4) practicing and prompting debugging (i.e.,

hildren identify problems and solve them). 
Computational thinking (CT) is recognized as a critical 21st century

kill and the primary skill necessary for becoming creators, rather than
onsumers, in our digital world ( Wing, 2006 ). Different conceptualiza-
ions exist, but in early childhood computer science education, CT is
enerally comprised of distinct but interrelated concepts, namely, al-
orithmic thinking, debugging, pattern recognition and generalization,
nd modularity (e.g., Bers et al., 2019 ; Lavigne et al., 2020 ). The key
o CT is using algorithmic thinking, patterns, and sequences to solve
roblems. CT is central to and associated with thinking across STEM
isciplines ( Bers et al., 2019 ; Wing, 2006 ) and beyond ( Wing, 2008 ).
esearch examining how CT develops in young children is relatively

imited; however, it demonstrates that preschool-aged children are able
o learn and practice coding skills leading to increased CT (e.g., Angeli &
alanides, 2020 ; Elkin et al., 2016 ; Kazakoff et al., 2013 ; Lavigne et al.,
020 ). 

. Culturally relevant computer science education 

Cultural stereotypes and, consequently, limited CT learning opportu-
ities maintain gender inequities in computer science ( Bian et al., 2017 ;
unke et al., 2017 ; Master et al., 2016 ), but considerations of early so-
ialization and access among BIPOC children from multiple language
ommunities remain underexplored. In fact, the needs of BIPOC chil-
ren have been largely ignored ( Newton et al., 2020 ). Equity-centered
pproaches to computer science education can broaden participation in
omputer science while also empowering students “to integrate their
omputer science knowledge with efforts to solve issues relevant to
inoritized communities ” ( Madkins et al., 2020 , p. 6). A range of

quity-centered approaches exist, such as culturally relevant pedagogy
 Ladson-Billings, 2009 ), culturally responsive teaching ( Gay, 2018 ), and
ulturally sustaining pedagogy ( Paris & Alim, 2017 ; for an elaboration
f differences see Aronson & Laughter, 2016 ; Madkins et al., 2020 ).
enerally, these culturally relevant education approaches leverage cul-

ural and linguistic resources, knowledge, and experiences from BIPOC
tudents’ homes, families, and communities as assets (i.e., funds of
382 
nowledge; González et al., 2005 ) in supporting student learning to alle-
iate social and structural barriers. Bringing these ideas into computer
cience education, Scott and colleagues (2015 , p. 420-421) proposed
he following principles for culturally responsive computing (CRC): (1)
all students are capable of digital innovation ” when they have oppor-
unities to learn about themselves; (2) learning can support “transfor-
ational use of technology ” (i.e., stretch/explore boundaries of what

omputer science can do); (3) computing is a “vehicle by which students
an…demonstrate understanding of their intersectional identities ” (i.e.,
onfront and critique stereotypes about race, gender, and class that po-
ition them as not belonging); and (4) success considers “who creates,
or whom, and to what ends ” (i.e., challenges socially and culturally
rrelevant curriculum). 

Despite the positive impact of culturally relevant education on stu-
ent outcomes ( Aronson & Laughter, 2016 ), few studies have taken up
ultural considerations in computer science education. A recent review
f literature identified only twenty-two studies that addressed cultur-
lly relevant education in computing, and none of those studies took
lace in early childhood contexts ( Morales-Chicas et al., 2019 ). Synthe-
izing across studies suggested six strategies for CRC in K-12, including
aising sociopolitical consciousness and leveraging funds of knowledge,
uch as cultural heritage artifacts, vernacular culture, lived experiences,
ommunity connections, and personal connections. Additional studies
uggest that robotics provides an especially powerful approach to CRC
or late elementary and middle school students. In particular, robotics
ffers an authentic way for teachers and students to draw on cultural
apital and a sense of place ( Harper et al., 2021 ; Leonard et al., 2018 ),
hich shows promise of increasing BIPOC students’ sense of belonging

n computer science ( Leonard et al., 2016 ; 2019 ; Newton et al., 2020 ). 

. Early childhood teacher learning through curriculum 

evelopment and implementation 

Positioning teachers as outsiders in choices about educational cur-
iculum or programming was deemed outdated over fifteen years ago
 Carl, 2005 ), yet is still common practice. Curriculum adoption is in-
reasingly influenced by accountability in test scores and associated
unding streams that have pressured administrators to take control of
cademic programs ( Pepper, 2010 ), even in early childhood classrooms.
chool districts often utilize a top-down approach to curriculum imple-
entation that reduces teacher agency, confidence, and commitment

 Molapo & Pillay, 2018 ). When teachers’ voices are minimized or ig-
ored, curricular initiatives can become disconnected from daily class-
oom experiences, ultimately contributing to inconsistencies and errors
n implementation ( Ba ş & Ş ENTÜRK, 2019 ). 

Empowering teachers as active participants in curriculum de-
ign and pilot implementation, and subsequent research, transforms
aily classroom experiences into key learning moments and prob-
ems of practice ( Institute of Medicine and National Research Coun-
il, 2015 ; Ziechner, 2003 ). The authenticity of these classroom expe-
iences is particularly important as teachers develop pedagogical ap-
roaches aimed at effectively implementing early childhood CT pro-
rams ( Camilleri, 2017 ). Camilleri’s early childhood teacher learning-
raining framework, grounded in key tenets of Activity Theory and
roject-based learning, identifies how teachers’ repeated experiences
mplementing robotics within familiar classroom contexts increase it-
rative dialogue and opportunities for teachers to learn alongside col-
eagues within teacher circles. Critically analyzing and reflecting on
hese moments through discourse, in collaboration with university
artners and families, extends learning opportunities even further as
eachers co-construct local knowledge ( Geertz, 1983 ) about how to
oster young children’s CT in asset-based, culturally relevant ways
 Chalmers, 2018 ; Madkins et al., 2020 ). Such collaborative approaches
re essential given the limited research on teacher education for CRC ex-
lusively focuses on middle and high school teachers ( Goode et al., 2020 ;
eonard et al., 2018 ). Collaborations designed and facilitated equitably
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ith BIPOC families from multiple language communities can cultivate
collective transformative agency and community self-determination ”
 Ishimaru et al., 2018 , p. 53). 

. Parental engagement in early childhood education 

Parents play an important role in nurturing an interest and sense
f belonging in computer science because children’s endorsements of
ultural stereotypes are based on their perceptions of the beliefs of all
he adults in their lives ( Copping Kurtz-Costes et al., 2013 ). Encourage-
ent from both teachers and parents is correlated with interest in com-
uter science, and parents play an essential role in children’s persistence
n STEM across PreK-16 ( Wang & Moghadam, 2017 ). Thus, we except
he same would hold true for computer science education specifically.
oreover, towards equity goals, there is a critical need for BIPOC fam-

lies to contribute to culturally responsive school initiatives where they
an voice their thoughts and influence positive changes ( Kayser et al.,
021 ). 

Parents become involved with schools in different ways, but parent
ngagement in children’s learning has a greater impact than their in-
olvement in schooling activities ( Emerson et al., 2012 ). In early child-
ood education, however, parents most frequently get involved with
chooling, for example, by volunteering in classrooms or attending par-
nt meetings ( Castro et al., 2004 ). These forms of parent involvement
ay open doors for increased parent engagement in home-based learn-

ng, such as reading ( Barnett et al., 2020 ), but BIPOC parents from mul-
iple language communities face unique challenges to involvement in
chooling. Namely, they may feel less welcome, struggle to communi-
ate with school staff, hold different expectations for engagement than
chool partners, or have schedules that conflict with involvement op-
ortunities ( Castro et al., 2004 ; McWayne et al., 2013 ; Nissley, 2020 ;
attenborg et al., 2019 ). Given numerous barriers to involvement in
chooling and the comparative benefit of engagement in learning, pri-
ritizing and supporting parent engagement in home-based learning
olds promise for making the largest impact on both child and parenting
utcomes ( Jeon et al., 2020 ). Parent engagement that increases home-
ased learning can bolster overall school readiness, as well as emergent
umeracy and literacy, social-emotional learning, and motor develop-
ent ( Barnett et al., 2020 ; Rey-Guerra et al., 2022 ). For BIPOC families

rom multiple language communities, engagement in home-based learn-
ng may serve as a more accessible gateway to involvement in school-
ng. Towards equity goals, however, invitations for school involvement
hould prioritize type five of Epstein et al.’s (2019) well-known frame-
ork. Namely, involvement should position parents as decision-makers

n school affairs through parent leaders and representatives. In order to
stablish equitable leadership that genuinely represents the views and
erspectives of BIPOC parents from multiple language communities, this
nvolvement must be coupled with actions to remove the systemic and
ocal barriers BIPOC parents face on a daily basis. Thus, efforts to engage
arents should prioritize parent voice in decisions about both school-
ased and home-based learning. 

. Material and methods 

The current study draws from material and methods of a larger
roject, Culturally Relevant Robotics: A Family and Teacher (CRRAFT)

artnership for Computational Thinking in Early Childhood , with the pri-
ary objective of creating a culturally relevant computing program

hat supports computational thinking and a sense of belonging in com-
uter science among BIPOC preschoolers from multiple language com-
unities. The program was co-developed by a university team, instruc-

ional coach, teachers, and parent representatives, using an iterative
pproach that included the design development, formative evaluation,
esting, revision, and retesting of computing and computational thinking
earning activities in classrooms and homes ( Bradley & Reinking, 2011 ;
obb et al., 2003 ; Nieveen & Folmar, 2013 ). Design-based research
383 
DBR) methodology was used to guide the implementation of interac-
ive cycles of development and testing to evaluate the culturally relevant
omputing program while simultaneously strengthening the program.
BR’s interactive processes allow educational researchers to design and
evelop interventions and programs that address classroom problems
nd produce a theory that guides the design to improve teacher prac-
ices and students’ learning outcomes ( Anderson & Shattuck, 2012 ). In
RRAFT, the DBR methodology provided a framework for university
esearchers, parents, and teachers to collaboratively build a practical
heory of culturally relevant computing in early childhood and increase
he impact and translation of research to practice. 

The vision and leadership for CRRAFT grew from longstanding
niversity-school collaborations focused on supporting (prospective)
eacher development and PreK students’ opportunities to engage in
TEM education (for an example see Harper et al., 2021 ). As the CRRAFT
artnership formalized, the emphasis narrowed to computer science ed-
cation and the collaboration expanded to include, more intentionally,
eachers and parent representatives. 

. Participants and setting 

At the time of the current study, CRRAFT team members included
our university researchers, a postdoctoral fellow, and three graduate re-
earch assistants across STEM education, early childhood education, and
omputer science; a Title I preschool instructional coach; two principals;
ix preschool teachers; two educational assistants; one after school di-
ector; and seven parent representatives. University researchers selected
wo Title I public schools, Dorothy Vaughan Preschool (DVP) and Luis
an Ahn Primary School (LVAP) (all names are pseudonyms), located
ithin the same district in a small urban area (population ∼200,000) in

he Southeastern United States, as sites for launching the project. School
election was based on two criteria: (1) existing relationships with the
nstructional coach, principals, and some teachers from earlier collabo-
ations; (2) a predominantly BIPOC student population. The coach and
rincipals shared information about CRRAFT with all PreK teachers and
ducational assistants at both schools, and all who expressed interest
oined the CRRAFT team. The principal at DVP recruited four parent
epresentatives based on her knowledge of parents’ interest and abil-
ty to represent other families. Initially, we tried similarly to recruit
arents from LVAP, but language barriers prevented direct communi-
ation among university researchers and families. Instead, we relied on
 non-profit that serves the Hispanic community to recruit three parent
epresentatives based on parents’ interest in the program and ability to
epresent the families in the community. All recruited parents joined the
RRAFT team. 

DVP enrolls approximately 100 students in eight PreK classes, which
nclude three- and four-year-old students. Specific racial/ethnic demo-
raphics were unavailable, but school collaborators confirmed that stu-
ents predominantly identify as Black. DVP project members included
our teachers (3 white women; 1 African American woman) and two
ducational assistants (both African American/Black women). Teachers
ad between 7-19 (median = 10) years of teaching experience, mostly
t DVP, and three held advanced degrees (Master’s or Doctorate). Edu-
ational assistants had worked in the role for 26 and 28 years, and both
ad completed some college. Among the four parent representatives (3
lack women; 1 white woman), three had children currently enrolled at
VP; one had a grandchild previously enrolled. 

LVAP enrolls approximately 200 students in grades PreK-1. Student
acial/ethnic demographics were 34% Black, 59% Latinx/Hispanic, and
% white, with over 50% of students classified as English Language
earners. Four classes of four-year-old students make up PreK. Two PreK
eachers (1 white woman; 1 Black woman) from LVAP joined the project.
eachers had 11 and 8 years of teaching experience, respectively, mostly
t LVAP, and one held a Master’s degree. The three LVAP parent repre-
entatives (all Latina/Hispanic women) had young children enrolled in
ther schools within the district. 
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Fig. 1. Overall research design for project showing three DBR 
stages. 
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. Research design, theories, and questions 

Research design for the larger project included three DBR stages,
ach with iterative cycles of design, testing, and revision ( Figure 1 ).
tage one involved the co-development and testing of the program based
n a working theory of CRC in ECE, formative evaluation of program
ctivities in classrooms and homes, and the ongoing revision of the pro-
ram and theory. The second stage involved continued co-development
nd formative evaluation based on the evolving theory, as well as the
esting of the program in new contexts and with new participants. Eval-
ation and testing informed additional revisions to the program and
heory. Finally, the third stage will rely on a retesting of the program to
upport a final theory of CRC in ECE and necessary revisions to ensure
he program’s effectiveness. 

The present study focused on the first DBR stage, specifically the co-
evelopment and pilot testing, formative evaluation, and revision of the
heory and program from June to December 2021 (for more details see
Processes of DBR Stage 1 ”). Parents and teachers offered ongoing in-
ut to ensure short, responsive theory-practice feedback loops through-
ut Stage 1. The inclusion of both parents and teachers was important
or two reasons: (1) limited guidance on translating theories of CRC in
CE into practice exists; and (2) successful implementation of STEM
earning in ECE is based on collaboration among parents and teachers
 Ata-Akturk & Demican, 2021 ; Dorie et al., 2014 ; Smetana et al., 2012 ),
uggesting a similar need in computer science education. 

The initial working theory of CRC in ECE ( Harper et al., 2022 ) was
nformed by relevant literature and conceptual frameworks on cultur-
lly relevant teaching and computer science education in ECE, as out-
ined in the introduction. Design elements based on extant literature
uided the initial co-development of program activities created and
ested during meetings with teachers and parents. The research team
sed immediate feedback from teachers and parents to revise the work-
ng theory between meetings, which informed the design principles and
o-development during future meetings. Teachers and parents also pi-
oted, and formatively evaluated program activities in classrooms and
omes between meetings, which informed the feedback they provided
nd the evaluations/revisions during/between future meetings. Thus,
he program was co-developed through short iterative cycles, using for-
ative evaluation to determine the number of iterations and cycles in
BR Stage 1 ( Nieveen & Folmer, 2013 ). 

Initially, the university team planned for teachers and parents to
ollaborate directly during meetings throughout the design process.
cheduling needs, however, necessitated separate collaborative plan-
ing meetings for the research team and teachers and the research team
nd parents, with the exception of two joint meetings (see “Materials
sed as Data Sources ”). Consequently, the theory of CRC in ECE was

requently revised (as indicated by the additional arrows in Figure 1 ).
esearchers revised the working theory and design principles based on

ormative evaluations of collaborative efforts to translate the theory of
RC in ECE into practice during co-development and testing in meetings,
lassrooms and homes. Doing so allowed for both parent and teacher
oice to inform future cycles of design, even if direct interaction of
oices was not possible. 
384 
The concept of voice is salient for educational change
 Hargreaves, 1996 ), specifically teacher and parent voice in PreK.
sing a sociocultural approach to learning, which situates the learning
rocesses in context and community, we sought to understand teachers’
oices and parents’ voices as a way to contextualize and compare the
erspectives and roles of those most directly involved in the devel-
pment and enactment of CRC for BIPOC preschoolers from multiple
anguage communities. Learning is an ongoing process of developing an
dentity as someone who participates more centrally in a subject matter
ommunity ( Lave & Wagner, 1991 ), in our case, as collaborators who
acilitate CRC to promote CT in classrooms and/or homes. Therefore,
urman and Calabrese Barton’s (2006) model for conceptualizing voice

rovided us with the opportunity to examine voice over time as a way
o understand how teachers and parents negotiated evolving identities
s the facilitators of preschoolers’ CT development in culturally relevant
ays (i.e., parent and teacher learning about CRC and CT). Accordingly,
oice was operationalized as both perspective (i.e., what participants
alked about, including the opinions, evaluations, possible solutions to
roblems, etc.) and participation (i.e., the choices participants made
o actually take part in facilitating CRC and fostering CT) ( Furman
 Calabrese Barton, 2006 ). The following research questions were
ddressed: 

RQ1. How did teacher and parent voice inform the sense-making of
CT and CRC (i.e., co-development of Culturally Relevant Robotics
(CRR) Program and refinement of a theory for CRC in ECE)? 

RQ2. How did teacher and parent voice inform the testing and refine-
ment of CT and CRC within the CRR Program across the school,
home, and community spaces (i.e., enactment, evaluation, and
revision of the CRC Program and theory for CRC in ECE)? 

. Processes of DBR stage 1 

Co-development meetings began in June 2021, with teachers and
arents immediately engaging in DBR. University and pre-existing
chool collaborators (instructional coach and principals) honored cul-
ural diversity as an asset in our previous work. As such, we recog-
ized the challenges inherent in bridging the different cultural worlds
f researchers and practitioners that can collide in DBR collaborations
 Coburn et al., 2013 ). Epstein and colleagues’ (2019) framework for in-
olvement was considered in how we centered parents’ and teachers’
erspectives in decision-making and collaboration with the schools and
ommunity. Parents joined the collaboration before teachers and were
iven support that enabled them to serve as representatives. Our ap-
roach removed the typical unidirectional form of communication be-
ween teachers and parents to validate the voice and expertise of par-
nts from BIPOC and linguistically diverse groups, thus building cultur-
lly responsive collaborations ( Constantino, 2015 ; Kayser et al., 2021 ).
ccordingly, all meetings and conversations were designed to support
ngoing dialogue to empower teachers and parents charged with ed-
cating young children ( Alfred, 2002 ). Further, we sought to identify
nd address challenges around social, structural, and physical inequities
 Wallerstein & Duran, 2010 ). Through these efforts, we also aimed to
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upport teachers in shifting their perspectives of parental and com-
unity engagement in program development and implementation to

lign with an asset-based approach. The prominence of both parent and
eacher input into program co-development and decision-making pro-
ided opportunities for parents to develop awareness of their voices in
chool decisions and teachers to form awareness of parent perspectives
s a factor in curricular decisions ( Epstein et al., 2019 ). 

To accommodate diverse needs of collaborators, teachers and parents
ften met as separate groups with university partners, and all collab-
rators had opportunities to reflect and communicate with university
eam members outside of scheduled meetings. Both teachers and par-
nts participated in group meetings, but we also prioritized one-on-one
onversations with parents. For a full schedule of meetings and their
gendas, visit the CRRAFT website ( http://crraft.org ). The overall aim
f the meetings was threefold. 

.1. Building inclusive culture 

Meetings and conversations included trust-building activities and
ommunication structures that facilitated inclusion of diverse perspec-
ives and experiences. For example, the choice for teachers and par-
nts to meet separately and to prioritize one-on-one conversations with
arents was intentionally made based on parent input. In meetings, ev-
ryone may share opportunities to contribute, but team members with
rivilege on the basis of race, gender, class, or other sociocultural po-
itions will more readily take up those opportunities. In seeking to en-
ure diverse team members provided input into project decisions, we
ought to be especially purposeful about preventing exploitative emo-
ional labor that can accompany equity-directed work for BIPOC indi-
iduals ( Mercer-Mapstone et al., 2019 ). 

.2. Learning about CRC and CT in theory and practice 

Given their different roles and expertise, teachers and parents needed
aried types of experiences to learn about theory and research on CRC
nd CT and to make decisions about which ideas, practices, and ma-
erials to use in the CRR Program. Teachers read and discussed Coding

s a Playground ( Bers, 2019 ), and we explicitly introduced parents and
eachers to the included powerful ideas from CT: (1) algorithms; (2)
odularity; (3) control structures; (4) representation; (5) hardware and

oftware; (6) design process; and (7) debugging. We facilitated plugged
nd unplugged activities using various tangible technologies and tools
dentified as appropriate for young children (e.g., Lee & Junoh, 2019 ;
acrides et al., 2022 ), and we provided time for teachers and parents

o play freely with both unplugged (e.g., Robot Turtles board game; al-
orithm for brushing teeth) and digital (e.g., KIBO, Robot Mouse, Dash)
ools and materials so that they might imagine new possibilities not yet
dentified in the research literature, especially in regards to CRC. We
rompted teachers and parents to explicitly name and make sense of
he powerful ideas in CT and from CRC that arose as they engaged with
arious tools and materials. Moreover, meetings provided a space for
he university team and other teachers/parents to offer support as in-
ividual teachers and parents sought to pilot CRR Program activities
n homes and classrooms to create culturally relevant opportunities for
hildren to develop CT. 

.3. Co-developing the CRR program 

Meetings served as the primary means for co-development of the
RR Program; all joint meetings with parents, school partners, and uni-
ersity partners were framed as co-planning meetings, in which both
eachers and parents gave feedback on school-based and home-based
rogram activities. The university research team used design princi-
les agreed upon through co-development and formative evaluation
rom meetings to draft school-and home-based materials for two dis-
inct curricular phases (i.e., units), piloted in Fall 2021 by teachers and
385 
pproximately 50 families across both schools (see our website for the
urrent version of these phases; http://crraft.org ). Each phase highlights
ne powerful idea from CT across school and home, although oppor-
unities to engage with multiple powerful ideas exist. Phase 1, which
e named, “Order Matters, ” emphasized algorithms. The school-based

earning goal was: “Children will understand that using steps helps us
o do tasks and solve problems in computer science, literature, and in
aily life. Sometimes the order of steps matter ; ” and the home-based learn-
ng goal was: “Your child will understand that using steps helps us do
asks and solve problems in our daily lives. Sometimes the order of steps

atters . ” Phase 2, “Doing STEM, ” emphasized the design process. The
chool- and home-based learning goal was: “Children/Your child will
nderstand that using the design process helps us solve complex prob-
ems in our daily lives. That means, STEM is for everyone! ”

School-based CRR Program materials provide a plan for one focal
xperience per unit, designed to be used by all teachers, that ensures an
pportunity to engage with the highlighted powerful idea. Additionally,
eachers choose from among a set of recommended activities, identified
rom research, existing curricula, and co-development, that build up to
nd reinforce the focal experience. Some recommended activities over-
ap across units. Home-based CRR Program materials include instruc-
ions and necessary tools for three separate activities per unit to create
earning opportunities related to the goal. Parent representatives led
he co-creation of two hour-long family nights at each school, in which
pproximately 50 preschool parents learned to engage in the activities
rom university, teacher, and parent facilitators. 

. Materials used as data sources 

All materials for data analysis came from group meetings and one-
n-one conversations from June-November 2021. Data sources included
rtifacts generated during, or for, meetings (e.g., comments written by
eachers/parents); field notes recorded by university researchers dur-
ng and/or after meetings or conversations; and transcripts of audio-
ideo recordings. We intentionally chose not to generate audio-video
ecordings during in-person summer meetings to prioritize building trust
mong collaborators. To create a data set from a subsample of meetings
nd conversations, we reviewed agendas for all meetings and identi-
ed meetings in which parents and/or teachers were explicitly involved

n DBR processes. We selected data sources that provided evidence of
eachers and parents direct engagement in the co-creation of our work-
ng theory and the CRR Program, testing the program, and providing
ormative evaluations based on testing for the purpose of revising the
rogram or theory ( Table 1 ). 

0. Data analysis 

Following DBR methodology, CRR Program co-development utilized
n iterative approach to creating, testing, revising, and refining each
RC learning activity. Accordingly, evaluation and data analysis was
ngoing throughout the co-design and development processes. Ongoing
ata analyses leveraged deductive and inductive approaches to qualita-
ive analysis ( Azungah, 2018 ). Specifically, deductive analysis provided
 means of exploring how the working theory of CRC in ECE mapped to
ractice; and inductive analysis served as a way to revise the working
heory by allowing unexpected factors influencing practice to arise. 

For the present study, Flowers and Rainwater began with an open-
oding approach to inductively identify the content of talk with as little
nference as possible for data sources from the September 27 meeting.
hey reviewed the preliminary codes and refined (e.g., reorganized, col-

apsed) them into parent and child categories. Definitions for each code
ere also added to the codebook. Then, they applied codes, individu-
lly and collaboratively, across all data sources. Codes were exhaustive,
ut not mutually exclusive, and were applied at the talk-turn level for
ranscripts and the topic level for field notes and other data sources.
he entire authorship team met to discuss code application, addition of

http://crraft.org
http://crraft.org
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Table 1 

Summary of data sources by DBR process and participants. 

DBR process Participants Type of Data and Source 
Summary of Data Content 

Working theory 
co-development 

Parents Artifacts and Field Notes from June 18 Group Parent Meeting 

Written response to “What is culturally relevant? ”; reflection after reading Kalthoff and Lim (2020) ; Co-created definitions of 
CT concepts from How to Code a Sandcastle ( Funk, 2018 ) 

Teachers Transcript of audio-video of July 26 Advisory Board Meeting 

Explanation of powerful ideas from CT to the advisory board and how CT ideas showed up within children’s communities 
during a community walk 
Transcript of audio-video of November 17 Teacher Meeting 

Discussion of powerful ideas from CT and how those ideas related to practices from Phase 1 and 2 testing; who can (e.g., 
teachers, parents) and how to support CT development and sense of belonging in computer science 

Parents & 
Teachers 

Transcript of audio-video & artifacts from online chat of September 27 Co-Planning Meeting 

Selection, creation, and discussion of definitions of CT 
CRR Program 

co-development 
Parents & 
Teachers 

Field Notes from August 23 Co-planning Meeting & Transcript of audio-recording of September 27 Co-Planning Meeting 

Co-creation of a final draft of at-home materials and preparation for upcoming family nights (Phase 1 & 2) 
Testing Parents & 

Teachers 
Transcript of audio-video of November 8 Family Night at DVP 

Hope (teacher) and Serena (parent) co-facilitated a session for parents on how to use the Let’s Go Code for Phase 2 at home 
Formative 
evaluation based 
on testing 

Parents Field Notes from June-July 2021 Group Parent Meetings & from Late July 2021One-on-One Meetings with Parents 

Feedback provided after parents tested tools/activities co-created during meetings with their own children 
Teachers Transcript of audio-video & artifacts from online chat of September 27 Teacher Meeting 

Feedback after piloting school-based Phase 1 

Table 2 

Primary codes applied to data sources and their definitions. 

Primary Code Definition Example Child Codes 

Voice Who was talking or participating in data Parent; Teacher 
Perspectives enacted through talk 
CRC Sense making of what computer science (education) and culturally relevant mean 
CT Sense making of what CT is (explicitly) Powerful ideas (named or implied by description) 
Feedback Opinions or ideas for developing or refining the CRR Program and its enactment Seeking feedback; Giving feedback 
Perceptions Opinions or views about others Of self; Of children 
Support Supporting each other’s ideas or practices Teacher to teacher 
Participation enacted through choices 
Context Where CRR Program, CT, CRC was engaged Home, School, Family Night 
Practices Practices used to engage CRR Program, CT, CRC Curriculum alignment; Differentiation 
Tools Materials or ideas used to engage CRR Program, CT, CRC Cultural referents; Loose parts; Robots 
Who Who engaged in CRR Program, CT, CRC Family, Child, Teacher 

Fig. 2. Conceptual framework for the construct of voice ( Furman 
& Calabrese Barton, 2006 ). 
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ew codes, or refinement of existing codes and their definitions, arriv-
ng at consensus and the final codebook, after continually looking for
onfirming and disconfirming evidence. Using a code-to-theory model
 Saldaña, 2021 ), we identified ten primary codes ( Table 2 ) that led to
he themes presented in the findings. 

Next, we deductively applied our conceptual framework
 Harper et al., 2022 ) to operationalize the construct of voice ( Figure 2 )
o answer our research questions. We reviewed our codes, their defini-
ions, and excerpts to relate them to the components of voice ( Table 2 ).
Perspectives as enacted by talk ” represent the group of codes in which
articipants made sense of CT or CRC; agreed with expressed ideas;
hared perceptions of themselves or others; and gave or sought direct
eedback on co-development and piloting of the CRR Program (RQ1).
Perspectives as enacted by choice ” represent the group of codes in
hich participants described how they planned to pilot or piloted the
RR Program, including the setting, who participated, and the tools
nd practices used (RQ2). Using Dedoose Version 9.0.18, we viewed
ode occurrence tables to identify prominent themes and illustrative
xcerpts, and considered how the occurrence of codes changed across
ime (as an indication of learning; Furmon & Calabrese Barton, 2006 ).

e created data displays from code co-occurrence tables by voice and
386 
erspective and by voice and participation ( Miles et al., 1994 ) and
eviewed excerpts to identify similarities and differences across teacher
nd parent voice. Finally, we compared the themes by teacher and
arent voice and across time. 

1. Findings 

The CRRAFT Partnership design principles were grounded on the
otion that parents and teachers can collaborate directly to co-develop
 CRC program for ECE. Yet, direct collaboration among teachers and
arents was rarely logistically possible, and for this reason, the univer-
ity research team served as a bridge between teacher and parent voice.
amely, researchers used explicit co-creation and formative evaluation
one collaboratively with parents and teachers throughout short, fre-
uent cycles of design, testing, and revision to refine the working theory
f CRC for ECE, which shaped future design cycles. In other words, as
eachers and parents sought to make sense of working theories of CRC
nd CT during the co-development process (RQ1), researchers drew on
arent and teacher voice to revise the working theories, which in turn in-
uenced later sense making and co-development. Similarly, as teachers
nd parents worked separately to test the program activities, formatively



F.K. Harper, L.A. Caudle, C.E. Flowers Jr. et al. Early Childhood Research Quarterly 64 (2023) 381–393 

e  

e  

t  

a
 

a  

W  

T  

c  

p  

m  

t
 

v  

s  

t  

a  

a  

t  

e

1

 

t  

e  

a  

t  

t  

e  

s  

C  

m  

f
 

e  

d  

T  

i  

a  

o  

s  

p  

p  

t  

l  

g
 

t  

w  

o  

a  

p  

(  

t

 

 

 

w  

O  

p

b  

y  

(

 

 

 

 

p  

t  

t  

r  

t  

S

 

 

 

 

 

t  

F  

r  

l  

t  

c  

i  

n

1

 

a  

N  

e  

f  

f  

t  

f  

l
 

h  

“  

a  

(  

i  

s

 

 

 

r  

e  

p  

m
 

l  

p  

c  
valuate them, and revise the program (RQ2), researchers drew on par-
nt and teacher voice to refine design principles to translate working
heories into practice, which in turn influenced later co-development
nd testing. 

Findings suggest that cultural responsiveness and CT are interwoven
nd inseparable within the CRR Program and collaborative discourse.
e separated findings related to these two broader concepts for clarity.

hus, we first share findings in which teacher and parent voice about
ultural responsiveness was foregrounded. Then we turn to findings ex-
licitly regarding voice about CT. Yet, these CT findings also highlighted
ore implicit CRC conceptions and practices, and we elaborate upon

hose as appropriate. 
In each section, we first present findings from RQ1 related to how

oice interacted to inform shared understanding of concepts (i.e., per-
pectives as enacted by talk). We then further elaborate on the interac-
ion of voice to show findings for RQ2 from descriptions of program en-
ctment across settings (i.e., participation as enacted by choices). These
spects of voice (i.e., talk and choices) were often coupled. We separate
hem to the extent possible for clarity, but we also note that selected
xcerpts may speak to both perspectives and participation. 

2. Cultural responsiveness in computing education 

Parents and teachers engaged in conversations about culture and cul-
urally relevant education throughout the DBR cycles. On June 18, par-
nts were asked to share their thoughts about the meaning of culture
nd culturally relevant. Several parents highlighted the importance of
raditions and customs within families and communities as being impor-
ant. Some also mentioned identity. Later in the same meeting, two par-
nts expressed how the program should instill values of community and

chool pride as well as kindness. As such, parents’ initial perspectives on
RC emphasized how the program should use CT to support develop-
ent of cultural and community values and traditions. In other words,

or parents the ultimate goal was cultural and community learning. 
In contrast, teachers emphasized building upon culturally relevant

xperiences to make CT development more accessible for young chil-
ren and their families. For teachers, the ultimate goal was CT learning.
eachers felt the materials and resources should be accessible to fam-

lies to promote engagement and team members should use appropri-
te means of communication when sharing information. This included
nline access via the program website as well as messages sent within
chool communication apps, and parents agreed. During August 23 co-
lanning, Stacy (T 

4 ) expressed concern about how to support partici-
ation and engagement of emergent multilingual parents. The group of
eacher, parent, and university collaborators decided that Harper would
ead one group of parents in English and a parent would lead another
roup in Spanish. 

Teachers’ descriptions of experiences using culturally relevant ma-
erials and resources with children was the primary way their voice
as represented regarding culturally relevant education. Teachers pri-
ritized the use of instructional materials, particularly books and visu-
ls, that are culturally and linguistically relevant. When sharing about a
ositive experience reading a book in Spanish to support the pilot, Stacy
T) [September 27] recognized how this could be challenging for other
eachers: 

For me personally, it was just because I can read in Spanish, but I don’t

know how it would be for a teacher who doesn’t know how to read in

Spanish, or is uncomfortable. 

In the beginning of the collaboration, Wendy, Stacy, and Wanda (Ts)
ere upfront about their desire to grow as culturally relevant educators.
n July 26, they sought individual feedback from advisory board mem-
4 We use “T ” to indicate the participant is a teacher and “P ” to indicate the 
articipant is a parent. 
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387 
ers about how to be more culturally responsive in their education of
oung children and efforts to partner with families. For example, Wendy
T) [July 26] asked: 

I want to make sure that I am a culturally responsive teacher and, you

know, I tried to make sure the books and the toys are diverse, but do you

have any suggestions for other ways that I can make sure I’m doing all I

can to achieve that? 

Wanda (T) expressed a desire to be more “culturally responsive to
arents and build that relationship with them so they feel comfortable
alking to me about things that are going on at home ” [July 26]. In addi-
ion to deepening their culturally relevant knowledge and practices and
elationships with families, teachers were interested in potential oppor-
unities to learn more about existing school-community collaborations.
tacy (T) shared [July 26]: 

Many of our students at LAVP who are, I think about 65% of our popula-

tion is–they speak Spanish as a second or third language, sometimes they

speak different dialects from Guatemala as well. So what are some ways

that [the non-profit] kind of integrates in the schools and helps support

the students in our schools that we can work with? 

Both parents and teachers expressed the importance of connecting
he program experiences to familiar home activities and experiences.
or example, on September 27, Wanda (T) described pointing out “other
obots/computers (smart watch/Siri) children interact with in daily
ives. ” These connections were the primary way in which parents and
eachers chose to put CRC into practice, with strong connections to CT
oncepts. As such, we elaborate in more detail on this finding below
n relation to specific CT powerful ideas that parents and teachers con-
ected to familiar activities or experiences. 

3. Computational thinking in CRC 

During the September 27 co-planning meeting, parents, teachers,
nd university collaborators discussed how they personally defined CT.
ext, they selected no more than five terms from a list of ten they consid-
red most central to CT (see Table 3 ). A final exercise included selecting
rom one of five definitions that resonated with them most. Findings
rom analysis of their responses provide insight into how parents and
eachers made sense of the broader concept of CT (as part of the CRC
or ECE working theory), namely, through a shared emphasis on prob-
em solving and algorithms. 

Self-written definitions from teachers and parents both mentioned
ow CT is a particular type of thinking process that also includes an
order ” or “series of steps ” (i.e., algorithms). Wendy (T) and Stacy (T)
lso wrote that “problem solving ” is a part of CT. Interestingly, Wanda
T) extended these ideas by defining CT also as “goal-oriented ” and eas-
ly integrated into typical daily experiences children enjoy doing. She
hared: 

CT is a different language that places things in a logical order in order

to accomplish a goal. For preschool age children you can equate this to

something simple they enjoy doing, and the directions for doing so. 

This idea of integrating CT concepts into authentic, familiar expe-
iences was the primary approach both teachers and parents chose to
nact the program in culturally responsive ways (as mentioned in the
revious section). This perspective of integration influenced how they
ade choices in co-developing and testing the program. 

In parallel to their self-written definitions, logical thinking and prob-
em solving were selected as terms central to CT by both teachers and
arents; however, algorithmic thinking, debugging, and problem de-
omposition were the most popular choices ( Table 3 ). Even though cod-
ng was a primary focus of the program activities at both home and
chool, only two parents and one teacher selected the term. Likewise,
eacher and parent selections of possible CT definitions ( Table 3 ) in-
icated that both groups favored definitions that focused on “problem
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Table 3 

Parent and teacher selection of CT terms and definitions 

Parents Teachers 

Terms related to CT Desi Grisel Jaclynn LaTonya Serena Hope Stacy Wanda Wendy 

Algorithmic thinking ∗ ∗ ∗ ∗ ∗ ∗ ∗ 

Debugging or troubleshooting ∗ ∗ ∗ ∗ ∗ ∗ 

Problem decomposition ∗ ∗ ∗ ∗ ∗ 

Problem solving ∗ ∗ ∗ ∗ 

Logical thinking ∗ ∗ ∗ ∗ 

Coding or programming ∗ ∗ ∗ 

Data representation ∗ ∗ ∗ 

Modeling and simulation ∗ ∗ 

Pattern recognition ∗ 

Abstraction 
Possible definitions for CT 
“Computational thinking is a problem-solving process that includes (but is 
not limited to) formulating problems, analyzing and representation data, 
and algorithmic thinking ” (ISTE as cited by Edwards & Cassidy, n.d. ). 

∗ ∗ ∗ ∗ ∗ 

“Computational thinking is the thought processes involved in formulating a 
problem and expressing its solution(s) in such a way that a 
computer —human or machine —can effectively carry out ” (Wing, 2014 as 
cited by Edwards & Cassidy, n.d. ). 

∗ 

“Computational thinking involves solving problems, designing systems, and 
understanding human behavior, by drawing on the concepts fundamental to 
computer science. ” ( Wing, 2006 as cited by Edwards & Cassidy, n.d. ). 

∗ ∗ 
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olving ” or “solving problems ” and algorithmic thinking. Additionally,
he selections indicated a preference of both teachers and parents for
rioritizing human action and agency (e.g., problem solving) over the
ole of computers in CT. The two definitions not chosen do not mention
roblem solving or solving problems. Namely, no one selected: “Compu-
ational thinking refers to the thought processes involved in expressing
olutions as computational steps or algorithms that can be carried out
y a computer, ” (CSTA as cited by Edwards & Cassidy, n.d. ) or “Compu-
ational thinking is what you do when you use a computer ” ( Edwards &
assidy, n.d. ). 

Opportunities to define CT arose in other meetings and informal
onversations. Through chronological analysis of code co-occurrences
ithin data sources, we found conversations with parents and teachers
cross all data sources included their perspectives of algorithms and the
rocess of debugging within algorithms. Additionally, the design process
as documented in all data sources, but was more frequently discussed
mong the teachers. Because findings related to the design process did
ot address our question about how teacher and parent voice came to-
ether to inform theory and practice, we considered those findings be-
ond the scope of this paper. Thus, the following sections provide in-
ights into the convergence and divergence of teacher and parent voice
n relation to more specific CT concepts connected to algorithms, includ-
ng debugging and control structures. We highlight how findings about
T related to CRC as appropriate. 

3.1. Algorithms 

Across meetings, algorithms were mentioned in similar amounts
mong parents and teachers, and these conversations mostly centered
n how to effectively explain and teach this concept to children as well
s experiences doing so. Both parents and teachers were able to incor-
orate the idea of algorithms through sequencing and routines. Parents
escribed the importance of being increasingly specific over time when
eaching algorithms to children. They also felt simplifying and compar-
ng steps helped children understand the concepts. One parent men-
ioned stating to children, “Let’s think of the steps, ” is easier for them to
nderstand than “sequencing. ” When asked how they would explain im-
ortant concepts, namely program and sequence, to support children’s
evelopment of algorithmic thinking, they described a program as a plan
r situation that includes “instructions a computer can understand. ” In
hese discussions, parents perceived sequence to be an order or series of
388 
teps [June 18]. Parents also shared how specific life experiences can be
sed in authentic ways to teach algorithms that differ depending on the
ask. For example, the steps involved in selecting eggs at the grocery
tore, making a sandwich, and hand-washing were all discussed and
sed as opportunities to teach algorithms in culturally relevant ways. 

Teachers shared similar perspectives about using familiar routines as
lgorithmic learning opportunities, but emphasized school-based rou-
ines rather than home-based activities. Five teachers, including an ed-
cational assistant, mentioned making use of classroom routines, tran-
itions, and activities that already involved sequencing to explicitly
each algorithms. These learning moments included teaching sequenc-
ng within morning and bathroom routines. Stacy (T) also connected al-
orithms to a child-led activity where children created their own daily
lassroom schedule by sequencing part of their day on a blank schedule
September 27]: 

Did this with the daily schedule and picture cards–some differentiation

to include parts of the day for some children and some children worked

with a blank schedule and fully sequenced the parts of the day. 

Parents expressed their enactment of algorithms most often by shar-
ng how they enacted at-home activities. Data from August 23 showed
hat they described practices related to algorithms in ways that over-
apped with and interacted with teacher themes. Latonya (P) shared
ow she enacted sequencing and debugging at home. While making a
ologna sandwich she asked her granddaughter to describe the steps
o enact the CT powerful idea of algorithms. Her granddaughter shared,
Get the bread, put on the bologna, ” and “Eat it. ” Latonya described how
he enacted debugging through natural integration next. She laughed
hen sharing how she asked her granddaughter if she would take off

he red ring around the bologna or eat that. The granddaughter said,
Granny, you’re silly, ” and then took the red ring off the bologna with-
ut describing it as a step in her algorithm. 

Parents and teachers also described using the robotics materials in
he pilot to introduce and reinforce concepts related to algorithms, such
s through step-by-step instructions on how to code the robot mouse
ovements (e.g., forward, backward, turn). At the November 8 family
ight, Hope (T) shared how this could be done with children using the
et’s Go Code materials: 

So the idea is that robots don’t know what to do unless you tell them what

to do… . So, you can tell your child a story. "The robot is broken. We’ve
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got to get to it and we have to get him two springs. How are we going to

get there?" 

3.2. Debugging 

Debugging was discussed by parents and teachers in relation to al-
orithms, but was prioritized slightly more in teachers’ conversations.
oth teachers and parents emphasized the importance of identifying ac-
ivities that interested children in order to support children’s willingness
o struggle with debugging issues. On June 18, parents defined debug-
ing as fixing, redoing, or figuring out what is wrong. Similarly, across
eetings, teachers mentioned debugging as a process for turning prob-

ems or “mistakes ” made in algorithms into learning opportunities. At
he family night, Hope (T) shared with parents how she perceived de-
ugging in relation to planning out the entire program to pick up the
prings and take them to the robot: 

And when they [children] test it, sometimes it’s even good if they en-

counter a problem or they did something wrong because that’s a teaching

moment. Right? We can say, "Oops, what happened? What should we

fix? And then let’s fix it." [Hope] 

In computer science, we call that debugging. [Harper] 

Serena (P) further elaborated by providing an example from a cul-
urally relevant, place-based activity (see Harper et al., 2021 ) parents
nd Harper co-developed together: 

We had [the robot mouse] go to the store and pick up certain items like

fruit, cheese and ice. But as parents, you know, that you have to get

one of those things home before they expire….If this is starting at your

house...which route are you going to go so that you get that thing [that

expires] last and get it home so it doesn’t spoil? It’s things like that, debug-

ging your methods. How can I do that in these steps and make it efficient?

Moreover, our data included instances of families working through
ebugging with their children, without directly stating “debugging. ”
atonya’s (P) example of her granddaughter removing the red bologna
ing and laughing was an implicit example of debugging. Families
hared high levels of child-cognitive debugging when engaging in test-
ng the at-home activity in which they would “Code-a-parent ” how to
alk, like a robot (similar to Let’s Go Code! ). Families shared their chil-
ren’s resilience and frustrations with debugging. Two Hispanic mothers
hared their support of their children’s development by keeping it fun
hen their child grew intolerant of “fixing what was wrong. ”

Teachers also expressed the importance of opportunities for children
o freely explore with the robots, while keeping it fun, so they could nav-
gate problems using their own strategies. In the August 23 co-planning
eeting, Rhonda (T) noted how she felt it was important for children in
er class to engage in robot mouse activities in ways that helped them
earn through experience and not by prioritizing accuracy. On Novem-
er 17, Wendy (T) noted how teachers’ responses to the bugs directly
mpacted children’s perceptions of them: 

And you just have to really be positive and be excited for their ideas and

be excited for everything they try, even if it just totally goes awry. Just

be excited that they came up with something. They’re trying and they’re

going to try again. So, you know, and always encouraging that. “Well,

let’s build it again, let’s try it again, well how else can we do it? ” So that

they don’t see their mistakes, the quote unquote “bugs ” as a negative so

that they can see it in a more positive light themselves, so they don’t get

frustrated. 

Similarly to teachers, parents discussed how debugging opportuni-
ies during activities and games, or within typical daily experiences, are
ays to “normalize ” mistakes. Moreover, on June 18, a conversation
bout debugging moved into considerations about culture. One parent
hared how, in some cultures, mistakes are viewed as negative so we
389 
hould take that into consideration when developing program activities
hat are culturally responsive. 

In addition to valuing mistakes, both parents and teachers related de-
ugging to problem solving more generally. In the above excerpt from
he family night, for example, Serena (P) implied that debugging is re-
ated to finding the best way to solve the problem at hand. Similarly,
tacy (T) mentioned a desire to be more intentional in her use of the
erm “debugging, ” which she viewed as solving problems or finding so-
utions [November 17]: 

We’re doing a lot of the [school curriculum] problem solving, social

problems and solutions suitcase. So I was like, I’m going to use that word

“debugging ” because we keep saying like we are solving problems or we

are finding solutions, so I’m like we can use that debugging, we are de-

bugging social problems too. 

Teachers created collaborative learning environments for children to
ebug while interacting together with the robots, in ways that parents
ould not necessarily do. Wendy (T) noted how it was interesting to
bserve one of the children in her class teach peers how to program a
ouse to go the intended way after noticing they were programming it

o go in undesired directions [August 23]. In the summer, teachers were
ble to learn from one another in similar ways as they built robots using
oose parts and the design process. For example, Wanda (T) reflected
n an experience where she sought ideas from her colleague when she
ncountered a problem [July 26]: 

I am right on top of one of the seven powerful ideas which is debugging

because the first thing that happened is I went to tape two materials to-

gether and the tape would not stick. So I tried rolling the tape differently

and that did not work, so I looked at my neighbor and they were using

duct tape, so I switched the tape and that started working better. 

3.3. Control structures 

Control structures were discussed in comparable amounts among
arents and teachers, but not consistently across the data sources, and
oth teachers and parents were able to build on children’s prior experi-
nces and knowledge bases to connect to the idea of control structures.
onversations about control structures occurred in the summer and then
eappeared in late fall during the family night and when teachers were
ncouraged to revisit the powerful ideas in CT from the working theory.
arents and teachers noted that “loop ” and “if-then-else ” structures were
ifficult concepts to explain to children and for them to understand. At-
empts to define this concept were often vague. For example, Wanda (T)
escribed control structures as involving patterns and repetition as well
s cause and effect [July 26]. 

On June 18, parents made sense of “loop ” and “if-then-else ” struc-
ures in relation to a children’s book. They perceived the concept of a
oop to be misleading for children since it does not look visually like
 circle. Parents initially described “if-then-else ” through culturally rel-
vant examples, such as: “If there is broccoli on your plate then you
at it, else you don’t leave the table. ” After having conversations with
heir children, parents realized if-then-else was a difficult concept to
xplain and describe to children. This prompted the group to create a
ore general shared definition at a later meeting: “If [Rule], then [what

ou do when the rule is followed], else [what you do when the rule isn’t
ollowed]. ” Further, on August 23, Gabby (P) shared how she chose to
uide a CT talk with her child at the grocery store, choosing to talk
bout the way they purchase eggs and select fruit on sale as an “if-then-
lse ” loop. Gabby called this sequencing and implied control structures
ithin sequencing in culturally responsive ways. We found this to be

imilar to and overlapping with how teachers chose to enact algorithms
nd embedded control structures in their classrooms. 

For example, teachers’ descriptions of practices demonstrated that
hey built on children’s experiences with cause-and-effect relationships
o introduce the concept of control structures. For example, on July 26,
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C  
anda (T) described a learning experience that involved building a tall
ower with small red cups (using the design process). She shared how
hildren began to notice a pattern that each small red cup base had the
ame size that supported the tower; however, when the teacher put a
arger object on top of the tower, it collapsed. Children were able to
onnect the observation to the idea of cause and effect, which Wanda
onsidered a control structure (i.e., if-then). On November 17, teachers’
evisited the powerful ideas from CT with members of the university
eam. Stacy (T) mentioned how this process helped her understand some
f the more complex concepts, such as control structures: 

It’s helpful to hear you [Harper] break it down because I never really

understood that powerful idea, but now that you say it like that I’m like

oh okay, so they are doing that and using them in the classroom. It’s

helpful to have an example. 

4. Discussion 

Findings from both teacher and parent perspectives and participa-
ion informed the ongoing refinement of a working theory for CRC for
CE throughout the DBR Stage 1. In this section, we discuss how the
oregrounding of parent and teacher voice raised a need to revisit and
econsider what is known from existing theory and research. Specifi-
ally, we provide insights into how this analysis informed our efforts
o bring together theories of CT in ECE ( Bers et al., 2019 ; Bers & Sul-
ivan, 2019 ; Lavigne et al., 2020 ) and CRC ( Scott et al., 2015 ), and to
ranslate theory into practice. 

5. CT in ECE with BIPOC children from multiple language 

ommunities 

Findings from both teacher and parent perspectives and participa-
ion in the co-conceptualization of CT indicate that both groups engaged
nd facilitated key concepts such as algorithms, debugging, and con-
rol structures in ways similarly found in the existing literature from
arly childhood computer science education (e.g., Bers et al., 2019 ;
avigne et al., 2020 ). Although our analysis broke CT into distinct con-
epts, parents and teachers made sense of these ideas in interconnected
ays, mostly through connections to sequencing of familiar home and

chool routines. Such an unplugged approach to supporting children’s
T is common in ECE (e.g., Lee & Jonah, 2019 ), but our findings sug-
ested that this approach was also key to teachers’ and parents’ own
nderstanding of CT as it showed up throughout evidence of the CT
erspective and participation. 

Although parents and teachers conceptualized CT similarly, impor-
ant differences arose in what they emphasized and the choices they
ade when putting ideas into practice with young children. These dif-

erences are important because the extant literature on CT in ECE in-
ludes only school-based or informal learning contexts outside of chil-
ren’s homes ( Macrides et al., 2022 ). CT learning by young children in
he informal context of the home has yet to be considered, and thus
onsidering parent voice alongside teacher voice highlighted potential
reas for future ECE research on CT generally and CRC specifically. 

As mentioned, teachers and parents similarly emphasized conveying
owerful ideas from CT (i.e.., algorithmic thinking, debugging, patterns;
ers & Sullivan, 2019 ) through familiar routines. Findings suggest, how-
ver, that teachers chose to focus mostly on school-based routines while
arents focused on home-based routines. This choice had implications
or how opportunities for self-expression, increasing complexity, and de-
ugging ( Bers & Sullivan, 2019 ) arose. In conceptualizing CT, teachers
mphasized algorithmic thinking more than parents did; meanwhile par-
nts emphasized problem solving more than teachers did ( Table 3 ). This
ifference showed up also in the way teachers talked about sequenc-
ng familiar routines as “directions ” [Wanda] or “tell[ing robots] what
o do ” [Hope]. In other words, teachers’ perspectives and participation
n CT through familiar routines suggested a procedural, rule-following
390 
mphasis. In contrast, parents described opportunities for more self-
xpression ( Bers & Sullivan, 2019 ) when “naming the steps, ” such as
eing silly when making a sandwich [Latonya] or making choices about
fficiency [Serena] or grocery purchases [Gabby]. Instead, evidence of
romoting self-expression was found in teachers’ choices related to em-
hasizing debugging in other CT activities, such as during free play
ith the robot mouse [Rhonda; Wendy] and in using materials to create

robots ” [Wanda]. 
Our analysis also showed a difference in teachers’ and parents’

hoices about how to differentiate activities for novice engagement
nd increasingly more complex tasks ( Bers & Sullivan, 2019 ). Teachers
ended to focus on differentiation for novice engagement. For example,
tacey described having different versions of the daily schedule for con-
ecting school-based routines and algorithms in a way that suggested
tudents would use the schedule accessible to them (without an oppor-
unity to engage with the more complex versions). In contrast, parents
onsidered novice engagement in how they described concepts to chil-
ren, but also emphasized the importance of increasing the specificity of
naming the steps ” of home-based routines over time (i.e., increasingly
ore complex tasks). 

These findings point to a need for future research to consider the
ommon practice of supporting coding through unplugged activities re-
ated to familiar home and school routines ( Lee & Jonah, 2019 ). Specif-
cally, what might the field learn from a closer examination of these un-
lugged activities focused on familiar routines in the home setting versus
n the classroom-setting? Such explorations have the potential to reveal
ossible limitations to the unplugged approach of connecting familiar
outines and coding in school contexts. Because children’s learning is
haped across social contexts ( Goodnow et al., 1995 ; Goodnow, 2010 )
nd through guided participation in cultural activities, including the
ultural practices of school ( Rogoff, 2003 ), a better understanding of
ome-based CT in ECE is necessary to realize children’s self-expression
nd to position all children as capable of complex tasks ( Bers & Sulli-
an, 2019 ; Newton et al., 2015). 

6. CRC in ECE 

Other tensions that arose between teachers’ perspectives and parents’
erspectives suggest important implications for the development of CRC,
pecifically, in early childhood. One such tension arose in how teachers
nd parents positioned the purpose of integrating culturally responsive-
ess with computer science education. Overall, both groups agreed that
RC should reaffirm children’s cultural and home-based practices and
alues, but they disagreed on to what end. Namely, teachers prioritized
RC for the purpose of making CT more accessible to young BIPOC chil-
ren and children from multiple language communities, two groups his-
orically ignored in computer science education. In other words, the ul-
imate goal is for those who have not previously had CT learning oppor-
unities to gain access to such opportunities. In contrast, parents tended
o emphasize the importance of using CT, as a new educational content
rea, to reinforce cultural and home-based values and practices. In other
ords, the ultimate goal is to further support culturally relevant ways
f knowing and using CT. 

Both of these goals are an important part of how CRC is currently
onceptualized. Integrating students’ cultural and home-based practices
ithin the school curriculum is a hallmark of culturally responsiveness
 Ladsen-Billings, 2009 ; Gay 2018 ). Research on CRC (e.g., Newton et al.,
020 ) suggests that drawing from students’ cultural experiences sup-
orts students’ CT and possibly increases BIPOC students’ self-efficacy
nd interest in technology. Prior studies have noted the importance of
sing students’ culture as a strength-based asset to build knowledge and
kills in CT ( Leonard et al., 2016 , 2018 ) because doing so positions all
tudents as capable of digital innovation ( Scott et al., 2015 ). Prioritizing
ultural connections as a vehicle for CT learning (as teachers did), how-
ver, fails to realize the full potential of CRC. Parents’ emphasis on using
T as a vehicle for learning cultural practices and values better aligns
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ith other principles of CRC that stretch the boundaries of what com-
uter science can do (e.g., help us learn cultural practices and values;
elp critique stereotypes that position BIPOC children as not belong-
ng) by challenging who creates and to what ends ( Scott et al., 2015 ).
xamples of realizing these principles in practice in extant literature in-
lude instances of older students developing critical consciousness as
hey use technology to address social and community problems impor-
ant to them ( Madkins et al., 2020 ). 

These different priorities within CRC are especially crucial in light
f the fact that some powerful ideas from CT inherently make computer
cience culturally irrelevant for some groups of students (e.g., linear
equencing is culturally irrelevant to Indigneous narrative approaches;
glash et al., 2020 ). For example, in the present study parents empha-
ized how mistakes are viewed negatively by some cultural groups, plac-
ng debugging in conflict with some cultural and home-based practices
nd values. When teachers exclusively emphasize connecting CT con-
epts to familiar activities or experiences from home or school as a way
o teach CT (as was largely the case in the present study and in existing
iterature; e.g., Campbell & Walsh, 2017 ; Heikkaila & Mannila, 2018 ;
ee & Junoh, 2019 ; Lee, 2020 ), they may overlook how some CT con-
epts themselves are at odds with culturally relevant ways of knowing.
n other words, prioritizing access to CT learning opportunities may in-
dvertently conflict with the parents’ priority and CRC principles that
oreground home-based and cultural values and ways of knowing. 

Differences in teachers’ and parents’ priorities for CRC in the current
tudy point to the need to identify and make explicit all principles of
RC in ECE. Specifically, future DBR might explore how using CT as a
ehicle for reinforcing cultural practices and values across both home
nd school contexts relates to developmentally-appropriate critical con-
ciousness and connections to social and community issues, such as has
een done in early childhood mathematics education (e.g., Ward, 2017 ).
lternatively, future studies might focus on identifying cultural heritage
rtifacts that introduce powerful ideas from CT to young children in de-
elopmentally appropriate ways. Examples using cornrow hairstyles in
he African diaspora ( Eglash et al., 2013 ) and iterative patterns in weav-
ng ( Lachney, 2017 ) in middle and high school computer science educa-
ion exist, but models for early childhood computer science education
re yet to be developed. 

onclusion 

This study showed that connecting powerful ideas from CT to famil-
ar activities and experiences from home and school served as a power-
ul entry point to participate in CRC for both teachers and parents. Thus
his study reinforces that children (and teachers and parents) learn best
hen learning is connected to their daily routines and lived experiences
 Lee & Junoh, 2019 ). Some examples of familiar activities and expe-
iences identified in the present study may seem generic, rather than
ulturally specific, to some readers. Parents’ voice, however, brought at-
ention to how widespread experiences (e.g., making a sandwich) vary
cross cultural and family contexts. For example, in the present study,
nowing that bologna sandwiches use bologna slices surrounded by a
ed ring requires culturally specific knowledge. Further, cultural ways
f knowing became especially evident when parents made sense of the
if-then-else ” structure. Their example (i.e., “If there is broccoli on your
late then you eat it, else you don’t leave the table. ”) was created in
irect contrast to an idea that Harper shared from an earlier teacher
eeting: “If you eat your broccoli, then you get a cookie. ” Parents em-
hasized that such a practice was not common among Black mothers. 

A cultural model in education bridges children’s familiar experi-
nces and skills with school content ( Darling-Hammond et al., 2020 ;
ee, 2007 ), which requires teachers to know and understand children’s
T practices and prior skills with CT concepts. Parent collaboration
rought this intimate knowledge of cultural practices and values as
ell as community experiences to foster CT and a sense of belonging

n computer science. Moreover, their involvement ensured advocacy
391 
or other parents. Models for incorporating teacher and parent input
n the design, development and implementation of curricular programs
xist. For example, engineering education programs in ECE have suc-
essfully established parent-teacher collaboration to support children’s
earning of engineering education (e.g., Ata-Akturk & Demican, 2021 ;
orie et al. 2014 ; Moomaw & Davis, 2010 ; Semetana et al., 2012 ); how-
ver, there is a paucity of examples in computer science ECE that in-
lude parents, teachers, and children experiencing and learning CT con-
epts together in culturally relevant ways. In order to support BIPOC
hildren’s learning of computer science education, parents and teachers
eed to understand computer science, CT concepts, and culturally rel-
vant uses of practices within computing. The present study provides
 possible model for fostering parent-teacher collaboration towards the
oal of supporting CRC in ECE and raises questions for the field to con-
ider as we bring principles of CRC into the homes and classrooms of
oung children. As a final caveat, however, we note that the DBR model
lone is insufficient for building the trusting and mutually beneficial
elationships necessary to ensure diverse team members provide input
nto project decisions across all stages. Additional frameworks that posi-
ion diversity as an asset and explicitly interrogate power are necessary
o build truly inclusive collaborations. 

eclaration of Competing Interest 

We have no conflicts of interest to disclose. 

RediT authorship contribution statement 

Frances K. Harper: Conceptualization, Methodology, Formal anal-
sis, Investigation, Writing – original draft, Writing – review & editing,
upervision, Project administration, Funding acquisition. Lori A. Cau-

le: Conceptualization, Methodology, Formal analysis, Investigation,
esources, Writing – original draft, Writing – review & editing, Super-
ision, Project administration, Funding acquisition. Charles E. Flowers

r.: Methodology, Formal analysis, Investigation, Data curation, Writing
original draft, Writing – review & editing. Tabatha Rainwater: Formal
nalysis, Investigation, Data curation, Writing – original draft, Writing –
eview & editing. Margaret F. Quinn: Conceptualization, Methodology,
nvestigation, Writing – review & editing, Supervision, Project adminis-
ration, Funding acquisition. 

ata availability 

The authors do not have permission to share data. 

cknowledgment 

This work is being supported with funding from the National Science
oundation (Award # 2031394 ). Any opinions, findings, and conclusions
r recommendations expressed in this material are those of the authors
nd do not necessarily reflect the views of NSF. 

eferences 

ladé, F., Lauricella, A. R., Beaudoin-Ryan, L., & Wartella, E. (2016). Measuring with Mur-
ray: Touchscreen technology and preschoolers’ STEM learning. Computers in Human

Behavior, 62 , 433–441 . 
lfred, M. V. (2002). The promise of sociocultural theory in democratizing adult educa-

tion. New Directions for Adult and Continuing Education, 96 , 3–13 . 
nderson, T., & Shattuck, J. (2012). Design based research: A decade of progress in edu-

cation research. Educational Researcher, 41 (1), 16–25. 10.3102/0013189X11428813 .
ngeli, C., & Valanides, N. (2020). Developing young children’s computational thinking

with educational robotics: An interaction effect between gender and scaffolding strat-
egy. Computers in Human Behavior, 105 Article 105954 . 

ronson, B., & Laughter, J. (2016). The theory and practice of culturally relevant edu-
cation: A synthesis of research across content areas. Review of Educational Research,

86 (1), 163–206. 10.3102/0034654315582066 . 
ta-Akturk, A., & Demircan, O. H. (2021). Supporting preschool children’s STEM learning

with parent-involved early engineering education. Early Childhood Education Journal,

49 , 607–621. 10.1007/s10643-020-01100-1 . 

http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0001
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0002
https://doi.org/10.3102/0013189X11428813
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0004
https://doi.org/10.3102/0034654315582066
https://doi.org/10.1007/s10643-020-01100-1


F.K. Harper, L.A. Caudle, C.E. Flowers Jr. et al. Early Childhood Research Quarterly 64 (2023) 381–393 

A  

B  

 

 

B  

 

B  

 

B  

B  

 

B  

 

B  

 

T  

C  

C  

 

C  

C  

 

 

C  

C  

C  

C  

C
C  

 

D  

 

D  

 

E  

 

E  

 

E  

 

 

E  

E  

E  

 

 

F
F  

 

F  

G  

G  

G  

 

G  

 

 

G  

 

G  

G  

H
H  

 

 

 

 

H  

 

 

H  

 

I  

I  

 

J  

J  

 

 

K  

 

K  

 

 

K  

 

L  

L  

L  

L  

 

L  

L  

 

L  

 

L  

L  

 

L  

 

 

L  

 

 

L  

 

M  

 

zungah, T. (2018). Qualitative research: Deductive and inductive approaches to data
analysis. Qualitative Research Journal, 18 (4), 383–400. 10.1108/QRJ-D-18-00035 . 

arnett, M. A., Paschall, K. W., Mastergeorge, A. M., Cutshaw, C. A., & War-
ren, S. M. (2020). Influences of parent engagement in early childhood education cen-
ters and the home on kindergarten school readiness. Early Childhood Research Quar-

terly, 53 , 260–273. 10.1016/j.ecresq.2020.05.005 . 
a ş , G., & Ş ENTÜRK, C. (2019). Teachers’ voice: Teacher participation in curricu-

lum development process. i.e.: Inquiry in Education, 11 (1). https://digitalcommons
.nl.edu/ie/vol11/iss1/5 . 

radley, B. A., & Reinking, D. (2011). Enhancing research and practice in early childhood
through formative and design experiments. Early Child Development and Care, 181 (3),
305–319. 10.1080/03004430903357894 . 

ers, M. U. (2019). Coding as a playground: Programming and computational thinking in the

early childhood classroom (2nd ed.). Routledge . 
ers, M. U., González-González, C., & Armas–Torres, M. B (2019). Coding as a playground:

Promoting positive learning experiences in childhood classrooms. Computers and Ed-

ucation, 138 , 130–145 . 
ers, M. U., & Sullivan, A. (2019). Computer science education in early childhood: The

case for Scratch Jr. Journal of Information Technology Education: Innovations in Practice,

18 , 113–138 . 
ian, L., Leslie, S. J., & Cimpian, A. (2017). Gender stereotypes about intellectual ability

emerge early and influence children’s interests. Science (New York, N.Y.), 355 (6323),
389–391. 10.1126/science.aah6524 . 

he BIPOC Project. (2016). The BIPOC Project: A black, indigenous, and people of color

movement . https://www.thebipocproject.org/ 
ampbell, C., & Walsh, C. (2017). Introducing the “new ’’ digital literacy of coding in the

early years. Practical literacy:The Early and PrimaryYears, 22 (3), 10–12 . 
amilleri, P. (2017). Minding the gap. Proposing a teacher learning-training framework

for integration of robotics in primary schools. Informatics in Education, 16 (2), 165–179 .
arl, A. (2005). The “voice of the teacher ” in curriculum development: A voice crying in

the wilderness? South African Journal of Education, 25 (4), 223–228 . 
astro, D. C., Bryant, D. M., Peisner-Feinberg, E. S., & Skinner, M. L. (2004).

Parent involvement in head start programs: The role of parent, teacher and
classroom characteristics. Early Childhood Research Quarterly, 19 (3), 413–430.
10.1016/j.ecresq.2004.07.005 . 

halmers, C. (2018). Robotics and computational thinking in primary school. International

Journal of Child-Computer Interaction, 17 , 93–100. 10.1016/j.ijcci.2018.06.005 . 
haudry, A., Morrissey, T., Weiland, C., & Yoshikawa, H. (2017). Cradle to kindergarten: A

new plan to combat inequality . New York: Russell Sage Foundation . 
obb, P., Confrey, J., Leher, R., & Schauble, L. (2003). Design experiments in educational

research. Educational Researcher, 32 (1), 9–13 . 
oburn, C. E., Penuel, W. R., & Geil, K. E. (2013). Research-practice partnerships: A strategy

for leveraging research for educational improvement in school districts . New York, NY. 
onstantino, S. M. (2015). Engage every family: Five simple principles . Corwin Press . 
opping, K. E., Kurtz-Costes, B., Rowley, S. J., & Wood, D. (2013). Age and race differences

in racial stereotype awareness and endorsement. Journal of Applied Social Psychology,

43 (5), 971–980. 10.1111/jasp.12061 . 
arling-Hammond, L., Flook, L., Cook-Harvey, C., Barron, B., & Osher, D. (2020). Impli-

cations for educational practice of the science of learning and development. Applied

Development Science, 24 (2), 97–140. 10.1080/10888691.2018.1537791 . 
orie, B., Cardella, M. E., & Svarovsky, G. N. (2014). Capturing the design thinking of young

children interacting with a parent [Paper 52]. 121st ASEE annual conference & exposition .
dwards, T., & Cassidy, M. (n.d.). What is computational thinking? Teachers’

understandings of computational thinking. TERC Blog. https://blog.terc.edu/
what-is-computational-thinking . 

glash, R., Gilbert, J. E., Taylor, V., & Geier, S. R. (2013). Culturally responsive computing
in urban, after-school contexts: Two approaches. Urban Education, 48 (5), 629–656.
10.1177/0042085913499211 . 

glash, R., Lachney, M., Babbitt, W., Bennett, A., Reinhardt, M., & Davis, J. (2020). De-
colonizing education with Anishinaabe arcs: generative STEM as a path to indige-
nous futurity. Educational Technology Research and Development, 68 (3), 1569–1593.
10.1007/s11423-019-09728-6 . 

lkin, M., Sullivan, A., & Bers, M. U. (2016). Programming with the KIBO robotics kit in
preschool classrooms. Computers in the Schools, 33 (3), 169–186 . 

merson, L., Fear, J., Fox, S., & Sanders, E. (2012). Parental engagement in learning and

schooling: Lessons from research . http://www.familyschool.org.au 
pstein, J. L., Sanders, M. G., Sheldon, S. B., Simon, B. S., Salinas, K. C., Jansorn, N. R.,

Van Voorhis, F. L., Martin, C. S., Thomas, B. G., Greenfeld, M. D., Hutchins, D. J., &
Williams, K. J. (2019). School, family, and community partnerships: Your handbook for

action (4th ed.). Corwin Press . 
unk, J. (2018). How to code a sandcastle . Viking. 
unke, A., Geldreich, K., & Hubwieser, P. (2017). Analysis of scratch projects of an intro-

ductory programming course for primary school students. In IEEE Global Engineering

Education Conference, EDUCON (pp. 1229–1236). 10.1109/EDUCON.2017.7943005 . 
urman, M., & Calabrese Barton, A. (2006). Capturing urban student voices in the creation

of a science mini-documentary. Journal of Research in Science Teaching, 43 (7), 667–
694. 10.1002/tea.20164 . 

ay, G. (2018). Culturally responsive teaching: Theory, research, and practice . Teachers Col-
lege Press . 

eertz, C. (1983). Local knowledge: Further essays in interpretive anthropology . Basic Books .
erde, H. K., Pikus, A. E., Lee, K. S., Van Egeren, L. A., & Quon Huber, M. S. (2021).

Head Start children’s science experiences in the home and community. Early Childhood

Research Quarterly, 54 , 179–193. 10.1016/j.ecresq.2020.09.004 . 
392 
onzález, N., Moll, L., & Amanti, C. (2005). Introduction: Theorizing practices. In
N González, L Moll, & C Amanti (Eds.), Funds of knowledge: Theorizing practices in

households, communities, and classrooms (pp. 1–24). Mahwah, NJ: Lawrence Erlbaum
Associates . 

oode, J., Johnson, S. R., & Sundstrom, K. (2020). Disrupting colorblind teacher edu-
cation in computer science. Professional Development in Education, 46 (2), 354–367.
10.1080/19415257.2018.1550102 . 

oodnow, J. J., Miller, P. J., & Kessel, F. (Eds.). (1995). Cultural practices as contexts for

development . Jossey-Bass . 
oodnow, J. J. (2010). Culture. In M. Bornstein (Ed.), Handbook of cultural developmental

science (pp. 3–10). Taylor & Francis . 
argreaves, A. (1996). Revisiting voice. Educational Researcher, 25 , 12–19 . 
arper, F. K., Stumbo, Z., & Kim, N. (2021). When robots invade the neighborhood:

Learning to Teach PK-5 mathematics leveraging both technology and commu-
nity knowledge. Contemporary Issues in Technology and Teacher Education, 21 (1).
https://citejournal.org/volume-21/issue-1-21/mathematics/when-robots-invade-the-
neighborhood-learning-to-teach-prek-5-mathematics-leveraging-both-technology-and
-community-knowledge/ . 

arper, F. K., Caudle, L., Quinn, M., Rainwater, T., Larsen, J., Greene, D., Flowers, C. E.,
& Sadovnik, A.The CRRAFT Partnership. (2022). Culturally relevant computing for
young children: A conceptual analysis. Paper presented at the American Educational

Research Association Annual Conference . 
eikkila, M., & Mannila, L. (2018). Debugging in programming as a multimodal practice

in early childhood education settings. Multimodal Technologies and Interactions, 2 (3),
42. 10.3390/miti2030042 . 

nstitute of Medicine and National Research Council. (2015). Transforming the workforce

for children birth through age 8: A unifying foundation . The National Academies Press . 
shimaru, A. M., Rajendran, A., Nolan, C. M., & Bang, M. (2018). Community design cir-

cles: Co-designing justice and wellbeing in family-community-research partnerships.
Journal of Family Diversity in Education, 3 (2), 38–63 . 

acob, S., Nguyen, H., Tofel-Grehl, C., Richardson, D., & Warschauer, M. (2018). Teaching
computational thinking to English learners. NYS TESOL Journal, 5 (July), 12–24 . 

eon, S., Kwon, K. A., Guss, S., & Horm, D. (2020). Profiles of family engagement
in home- and center-based Early Head Start programs: Associations with child
outcomes and parenting skills. Early Childhood Research Quarterly, 53 , 108–123.
10.1016/j.ecresq.2020.02.004 . 

althoff, A., & Lim, L. M. (2020, June 15). Fostering creativity, curiosity,
and generosity through robotics. https://csteachers.org/Stories/fostering-creativity-
curiosity-and-generosity-through-robotics 

ayser, A. A., Kayser, B., Holmstrom, L., & Brazil Keys, B. L. (2021). “We appreciate what
you are doing, but you are doing it wrong. ” Two schools address school-family ten-
sions through culturally responsive family partnerships. Taboo: The Journal of Culture

and Education, 20 (2), 9–27 . 
azakoff, E. R., Sullivan, A., & Bers, M. U. (2013). The effect of a classroom-based intensive

robotics and programming workshop on sequencing ability in early childhood. Early

Childhood Education Journal, 41 (4), 245–255 . 
achney, M. (2017). Culturally responsive computing as brokerage: Toward asset building

with education-based social movements. Learning, Media and Technology, 42 (4), 420–
439. 10.1080/17439884.2016.1211679 . 

adson-Billings, G. (2009). The dreamkeepers: Successful teachers of African American chil-

dren . John Wiley & Sons . 
ave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation . Cam-

bridge University Press . 
avigne, H. J., Lewis-Presser, A., & Rosenfeld, D. (2020). An exploratory approach for in-

vestigating the integration of computational thinking and mathematics for preschool
children. Journal of Digital Learning in Teacher Education, 36 (1), 63–77 . 

ee, C. D. (2007). Culture, literacy, and learning: Taking bloom in the midst of the whirlwind .
Teachers College Press . 

ee, J., Husman, J., Scott, K. A., & Eggum-Wilkens, N. D. (2015). Compugirls: Stepping
stone to future computer-based technology pathways. Journal of Educational Comput-

ing Research, 52 (2), 199–223. 10.1177/0735633115571304 . 
ee, J., & Junoh, J. (2019). Implementing unplugged coding activities in early

childhood classrooms. Early Childhood Education Journal, 47 (6), 709–716.
10.1007/s10643-019-00967-z . 

ee, J. (2020). Coding in early childhood. Contemporary Issues in Early Childhood, 21 (3),
266–269 . 

eonard, J., Barnes-Johnson, J., & Evans, B. R. (2019). Using computer simulations and
culturally responsive instruction to broaden urban students’ participation in STEM.
Digital Experiences in Mathematics Education, 5 (2), 101–123 . 

eonard, J., Buss, A., Gamboa, R., Mitchell, M., Fashola, O. S., Hubert, T., & Almughyi-
rah, S. (2016). Using robotics and game design to enhance children’s self-Efficacy,
STEM attitudes, and computational thinking skills. Journal of Science Education and

Technology, 25 (6), 860–876. 10.1007/s10956-016-9628-2 . 
eonard, J., Mitchell, M., Barnes-Johnson, J., Unertl, A., Outka-Hill, J., Robinson, R., &

Hester-Croff, C. (2018). Preparing teachers to engage rural students in computational
thinking through robotics, game design, and culturally responsive teaching. Journal

of Teacher Education, 69 (4), 386–407. 10.1177/0022487117732317 . 
eonard, J., Thomas, J. O., Ellington, R., Mitchell, M. B., & Fashola, O. S. (2022). Fostering

computational thinking among underrepresented students in STEM: Strategies for supporting

racially equitable computing . Routledge . 
acrides, E., Miliou, O., & Angeli, C. (2022). Programming in early childhood educa-

tion: A systematic review. International Journal of Child-Computer Interaction, 32 , 1–17.
10.1016/j.ijcci.2021.100396 . 

https://doi.org/10.1108/QRJ-D-18-00035
https://doi.org/10.1016/j.ecresq.2020.05.005
https://digitalcommons.nl.edu/ie/vol11/iss1/5
https://doi.org/10.1080/03004430903357894
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0011
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0012
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0013
https://doi.org/10.1126/science.aah6524
https://www.thebipocproject.org/
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0016
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0017
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0018
https://doi.org/10.1016/j.ecresq.2004.07.005
https://doi.org/10.1016/j.ijcci.2018.06.005
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0021
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0022
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0024
https://doi.org/10.1111/jasp.12061
https://doi.org/10.1080/10888691.2018.1537791
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0027
https://blog.terc.edu/what-is-computational-thinking
https://doi.org/10.1177/0042085913499211
https://doi.org/10.1007/s11423-019-09728-6
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0031
http://www.familyschool.org.au
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0033
https://doi.org/10.1109/EDUCON.2017.7943005
https://doi.org/10.1002/tea.20164
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0037
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0038
https://doi.org/10.1016/j.ecresq.2020.09.004
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0040
https://doi.org/10.1080/19415257.2018.1550102
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0042
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0043
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0044
https://citejournal.org/volume-21/issue-1-21/mathematics/when-robots-invade-the-neighborhood-learning-to-teach-prek-5-mathematics-leveraging-both-technology-and-community-knowledge/
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0046
https://doi.org/10.3390/miti2030042
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0048
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0049
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0050
https://doi.org/10.1016/j.ecresq.2020.02.004
https://csteachers.org/Stories/fostering-creativity-curiosity-and-generosity-through-robotics
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0053
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0054
https://doi.org/10.1080/17439884.2016.1211679
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0056
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0057
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0058
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0059
https://doi.org/10.1177/0735633115571304
https://doi.org/10.1007/s10643-019-00967-z
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0062
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0063
https://doi.org/10.1007/s10956-016-9628-2
https://doi.org/10.1177/0022487117732317
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0066
https://doi.org/10.1016/j.ijcci.2021.100396


F.K. Harper, L.A. Caudle, C.E. Flowers Jr. et al. Early Childhood Research Quarterly 64 (2023) 381–393 

M  

 

M  

 

 

M  

 

M  

 

 

M  

 

M  

M  

M  

M  

 

N  

 

N  

 

N  

 

P  

P  

 

R  

 

R  

 

 

R
S
S  

 

S  

S  

S  

 

V  

 

 

W  

 

W  

 

W  

 

W
W  

 

Z  

 

Z  
adkins, T. C., Howard, N. R., & Freed, N. (2020). Engaging equity pedagogies in com-
puter science learning environments. Journal of Computer Science Integration, 3 (2),
1–27. http://doi.org/10.26716/jcsi.2020.03.2.1 . 

artinez, C., Gomez, M. J., & Benotti, L. (2015). A comparison of preschool and ele-
mentary school children learning computer science concepts through a multilanguage
robot programming platform. In Proceedings of the 2015 ACM Conference on Innovation

and Technology in Computer Science Education (pp. 159–164) . 
aster, A., Cheryan, S., & Meltzoff, A. N. (2016). Computing whether she belongs: Stereo-

types undermine girls’ interest and sense of belonging in computer science. Journal of

Educational Psychology, 108 (3), 424–437 . 
cWayne, C. M., Melzi, G., Schick, A. R., Kennedy, J. L., & Mundt, K. (2013). Defin-

ing family engagement among Latino Head Start parents: A mixed-methods mea-
surement development study. Early Childhood Research Quarterly, 28 (3), 593–607.
10.1016/j.ecresq.2013.03.008 . 

ercer-Mapstone, L., Islam, M., & Reid, T. (2019). Are we just engaging ‘the usual sus-
pects’? Challenges in and practical strategies for supporting equity and diversity in
student–staff partnership initiatives. Teaching in Higher Education , 1–19 . 

iles, M. B., Huberman, A. M., & Saldaña, J. (1994). Qualitative data analysis: An expanded

sourcebook (3rd ed.). Sage . 
olapo, M. R., & Pillay, V. (2018). Politicising curriculum implementation: The case of

primary schools. South African Journal of Education, 38 (1), 1–9 . 
oomaw, S., & Davis, J. A. (2010). STEM comes to preschool. Young Children, 65 (5),

12–18 . 
orales-Chicas, J., Castillo, M., Ramos, P., & Guzman, B. L. (2019). Computing with rel-

evance and purpose: A review of culturally relevant education in computing. Interna-

tional Journal of Multicultural Education, 21 (1), 125–155 . 
ewton, K. J., Leonard, J., Buss, A., Wright, C. G., & Barnes-Johnson, J. (2020). Infor-

mal STEM: Learning with robotics and game design in an urban context. Journal of

Research on Technology in Education . 10.1080/15391523.2020.1713263 . 
ievenn, N., & Folmer, E. (2013). Formative evaluation in educational design research.

In T. Plomp, & N. Nieveen (Eds.), Educational design research (pp. 89–103). Enschede:
Netherlands Institute for Curriculum Development (SLO) . 

issley, A. B. (2020). Perceptions of Parental Engagement among Educators and Parents
in an Elementary STEM School [University of Louisiana at Monroe]. In ProQuest Dis-

sertations and Theses . 
aris, D., & Alim, H. S. (2017). Culturally sustaining pedagogies: Teaching and learning for

justice in a changing world . Teachers College Press . 
epper, K. (2010). Effective principals skillfully balance leadership styles to facilitate stu-

dent success: A focus for the reauthorization of ESEA. Planning and Change, 41 (1,2),
42–56 . 

attenborg, K., MacPhee, D., Walker, A. K., & Miller-Heyl, J. (2019). Pathways to parental
engagement: Contributions of parents, teachers, and schools in cultural context. Early

Education and Development, 30 (3), 315–336. 10.1080/10409289.2018.1526577 . 
393 
ey-Guerra, C., Maldonado-Carreño, C., Ponguta, L. A., Nieto, A. M., &
Yoshikawa, H. (2022). Family engagement in early learning opportunities at
home and in early childhood education centers in Colombia. Early Childhood Research

Quarterly, 58 , 35–46. 10.1016/j.ecresq.2021.08.002 . 
ogoff, B. (2003). The cultural nature of human development . Oxford University Press . 
aldaña, J. (2021). The coding manual for qualitative researchers (4th ed.). Sage . 
cott, K. A., Sheridan, K. M., & Clark, K. (2015). Culturally responsive com-

puting: A theory revisited. Learning, Media and Technology, 40 (4), 412–436.
10.1080/17439884.2014.924966 . 

metaana, L. K., Schumaker, J. C., Goldfien, W. S., & Nelson, C. (2012). Family style
engineering. Science and Children, 50 (4), 67–77 . 

mith, M. (2016, January 30). Computer science for all. https://obamawhitehouse.
archives.gov/blog/2016/01/30/computer-science-all 

ullivan, A., & Bers, M. U. (2016). Robotics in the early childhood classroom: learning
outcomes from an 8-week robotics curriculum in pre-kindergarten through second
grade. International Journal of Technology and Design Education, 26 (1), 3–20 . 

ogel, S., Santo, R., & Ching, D. (2017). Visions of computer science education: Unpacking
arguments for and projected impacts of CS4All initiatives. In Proceedings of the con-

ference on integrating technology into computer science education, ITiCSE (pp. 609–614).
10.1145/3017680.3017755 . 

allerstein, N., & Duran, B. (2010). Community-based participatory research contribu-
tions to intervention research: the intersection of science and practice to improve
health equity. American Journal of Public Health, 100 (1), S40–S46 . 

ang, J., & Moghadam, S. H. (2017). Diversity barriers in K-12 computer science educa-
tion: Structural and social. In SIGCSE 2017 - proceedings of the 48th ACM technical
symposium on computing science education (pp. 615–620). ACM . 

ard, J. (2017). Early childhood mathematics through a social justice lens: An au-

toethnography. USF Tampa Graduate Theses and Dissertations. https://digitalcommons.
usf.edu/etd/6975 

ing, J. M. (2006). Computational thinking. Communications of the ACM, 49 (3), 33–35 . 
ing, J. M. (2008). Computational thinking and thinking about computing. Philosophical

Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences,

366 (1881), 3717–3725 . 
hang, L. C., & Nouri, J. (2019). A systematic review of learning computational think-

ing through Scratch in K-9. Computers and Education, 141 (June), Article 103607.
10.1016/j.compedu.2019.103607 . 

eichner, K. M. (2003). Teacher research as professional development for P–12 educators
in the USA. Educational Action Research, 11 (2), 301–326 . 

http://doi.org/10.26716/jcsi.2020.03.2.1
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0069
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0070
https://doi.org/10.1016/j.ecresq.2013.03.008
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0072
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0073
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0074
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0075
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0076
https://doi.org/10.1080/15391523.2020.1713263
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0078
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0080
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0081
https://doi.org/10.1080/10409289.2018.1526577
https://doi.org/10.1016/j.ecresq.2021.08.002
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0084
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0085
https://doi.org/10.1080/17439884.2014.924966
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0087
https://obamawhitehouse.archives.gov/blog/2016/01/30/computer-science-all
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0089
https://doi.org/10.1145/3017680.3017755
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0091
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0092
https://digitalcommons.usf.edu/etd/6975
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0094
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0095
https://doi.org/10.1016/j.compedu.2019.103607
http://refhub.elsevier.com/S0885-2006(23)00056-X/sbref0097

	Centering teacher and parent voice to realize culturally relevant computational thinking in early childhood
	1 Early childhood computer science education
	2 Culturally relevant computer science education
	3 Early childhood teacher learning through curriculum development and implementation
	4 Parental engagement in early childhood education
	5 Material and methods
	6 Participants and setting
	7 Research design, theories, and questions
	8 Processes of DBR stage 1
	8.1 Building inclusive culture
	8.2 Learning about CRC and CT in theory and practice
	8.3 Co-developing the CRR program

	9 Materials used as data sources
	10 Data analysis
	11 Findings
	12 Cultural responsiveness in computing education
	13 Computational thinking in CRC
	13.1 Algorithms
	13.2 Debugging
	13.3 Control structures

	14 Discussion
	15 CT in ECE with BIPOC children from multiple language communities
	16 CRC in ECE
	Conclusion
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgment
	References


