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ABSTRACT

As the demand for computing careers increases, it is important to
implement strategies to broaden the participation in computer
science for African Americans. Computer science courses and
academic pathways are not always offered in secondary schools.
Many teachers are not trained in computer science, yet are pushed
to incorporate more computing, computational thinking, and
computer usage. A qualitative focus group study was implemented
to assess the computer science identities of African American
teachers and of their respective urban secondary schools serving
African American students. Three major codes were identified:
district administration of computer and computing implementation,
teacher attitudes towards computer science instruction, and
teachers’ recommendations to improve computer science and
computational thinking instruction and outreach for African
American secondary school students. Findings can be used to
improve computer science and technology rollout programs from
county and district administrations, teacher instruction with digital
tools, and computer science outreach for African American
secondary school students.
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1. INTRODUCTION

Although computing is an expanding field [1], there is a substantial
gap in African Americans pursuing this field as compared to other
ethnicities [2, 3]. In 2017, only 3.7% of computing degrees were
awarded to Black or African American students [4]. Research has
shown that introducing secondary school students to computer
science coursework can increase their likelihood to pursue an
undergraduate degree in computer science [6]. Select high school
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students are offered the Advanced Placement (AP) Computer
Science A exam, a standardized course and examination developed
to instruct, assess and credit students’ skill-level in problem-
solving, commonly-used algorithms, data structures, and solution
writing in an object-oriented paradigm [6]. However, there are not
many African American students taking this course nationwide
with no other computing alternative course offered [5]. Many
schools with computing courses do not have African American
educators teaching these courses. As a result, African Americans
tend to not have computing (computer science, computer
engineering, and information sciences) experience and exposure
prior to postsecondary education. This lack of computing
interaction can lead to a low sense of belonging and low or a
misinformed self-efficacy in computing [37, 38].

2. SENSE OF BELONGING IN
COMPUTING

Social belonging, which is the perception of social connectedness,
is a basic human motivation and predicts favorable outcomes [9,
10]. Belonging uncertainty refers to a state in which “members of
socially stigmatized groups are more uncertain of the quality of
their social bonds and thus more sensitive to issues of social
belonging” in academic and professional settings. Thereby,
belonging uncertainty contributes to racial disparities in
achievement [10]. In academic and professional settings where
certain racial minorities are underrepresented, namely the
computing fields, the lack of a sense of belonging can serve as a
disadvantage as sense of belonging is critical to intellectual
achievement [10].

3. SELF-EFFICACY AS A COMPUTING
TEACHER

According to Bandura, “perceived self-efficacy refers to beliefs in
one's capabilities to organize and execute the courses of action
required to produce given attainments” [9]. Predominant theories
of achievement motivation emphasize the need for self-efficacy
[10]. An individual’s self-efficacy is largely influenced by people
with similar identities performing a behavior successfully; this is
termed as “vicarious experience” [11, 12]. Positive teacher self-
efficacy beliefs are associated with “positive teaching behaviors
and student outcomes” [13]. One study that examined the effect of
computing workshops on teachers’ self-efficacy found that
teachers’ self-efficacy improved as a result of the workshops, the
enhanced self-efficacy was sustained years after involvement in the
workshops, and that augmenting computing workshops with online
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courses shows a significant difference in some aspects of self-
efficacy compared to partaking in the workshop alone [10].

4. ROLE OF TEACHERS IN BROADENING
CSE AND COMPUTATIONAL THINKING
FOR STUDENTS OF COLOR

There is a need for K-12 teachers to understand problem solving
processes as algorithmic and ways in which computational thinking
can be used to solve interdisciplinary problems. For example,
computational thinking concepts could be integrated into language
arts, social studies, science, mathematics, and computer science
[14]. In addition, computational thinking can be used to address the
lack of accessibility of computing courses by taking advantage of
the cross-disciplinary nature of computational thinking and
embedding computational thinking across subject areas.
Incorporating computational thinking concepts into teaching
requires continuous professional development and support which
can be done with online learning that also encourages communities
of practice where educators can exchange ideas, challenges,
solutions, and resources learned from their classroom practice [15,
16].

Additionally, in the state of Georgia, county districts have
implemented a Business and Computer Science pathway in the
state’s Career, Technical, and Agricultural Education program.
Teachers may be certified to teach this course by fulfilling the
requirements, including maintaining membership in relevant
professional organizations, providing the required documentation,
annually shadowing a business for a minimum of eight hours, and

Table 1. Identified codes and their definitions

Codes Definitions

The demographic and technology usage of

School Description the school in which the participant teaches

Experience Teaching | Participants’ experience with teaching with

Computing computational thinking and computing
School’s Computing | The demand for computing education in the
Demand school in which the participant teaches

Importance in Teaching
Computing

Participants’ beliefs in the importance of
teaching computing

Participants’ attitudes towards technology
use and teaching computer science
including stressors, interest, and
requirements for certification

Teacher Attitudes on
Teaching Computing

Teacher Attitudes on | Participants’ attitudes towards the field of

Computing computing
Teacher Computing Self- Participants’ self-efficacy to teach
efficacy computing

The normalcy and belongingness in which
computing has at the school in which the
participant teaches

School’s Computing
Sense of Belonging

Perceived Student
Computing Sense of
Belonging

Participants’ beliefs of their students sense
of belonging with the field of computing

Perceived Student
Mindset and Self-

Participants’ beliefs of their students’
mindset and self-efficacy to perform in the

efficacy field of computing
, Participants’ recommendations to improve
Teacher’s . .
. technology use and computing education at
Recommendations

the schools in which they teach

annually partaking in at least twenty hours of professional
development activities related to Business and Computer Science
such as workshops or college courses [17].

Goode argues that increasing the numbers of students of color
studying computer science must begin with the preparation and
support of teachers [18]. Secondary school computer science
instruction can be extremely labor intensive due to several barriers,
including the lack of curriculum for computer science courses, lack
of teachers with strong technical backgrounds, and lack of funding
for a computer science elective course [ 18]. In addition, the absence
of a professional network of computer science teachers at a school
hinders the ability to partake in collaborative lesson planning and a
shared community of knowledge. There is a need for more training
opportunities on more difficult computing concepts as well [18,
19].

Teachers reported a need for outreach and support from university
students, including tutoring resources and broadening high school
students’ scope of the field. University-hosting workshops are
encouraged to support secondary school teachers to teach computer
science workshops held by universities that emphasize professional
development and a professional support network which has been
demonstrated to have positive outcomes for teachers [20]. There
have been workshops to instruct teachers on computational
thinking and computer science principles and how to instruct them
through simulations [20]; some workshops even offer stipends for
participating teachers [20]. Along with these workshops, another
strategy to increase the number of qualified computer science
teachers is to develop certification programs that target pre-service
teachers [18, 19]. The results of the intervention demonstrate that
teachers have great capability to address low enrollment of students
of color in computer science courses and attract students to
computer science courses when given professional support and
resources.

While other research has explored targeting high school teachers to
teach computer science, little research has specifically targeted
African American secondary school STEM teachers to implement
computing education. Additionally, little research has examined the
self-efficacy to teach computing and sense of belonging in
computing for African American teachers in a world where African
Americans are underrepresented in computing fields.

5. DESIGN/EXPERIMENT
5.1 Participants

Participants were recruited through voluntary sampling of
interested African American secondary school STEM teachers in
the Metro Atlanta, GA region. From volunteers, four STEM-
certified middle and high school teachers were selected, stratified
by school location and student demographic: two teachers were
from predominantly Black urban schools and two teachers were
from diverse suburban schools. All participants were African
American. Three participants were female, and one was male. Their
ages ranged from 36-47. Informed consent was obtained from each
individual. The participants were compensated for their time with
$250.

5.2 Procedure

Second author facilitated the focus group. The focus group was
semi-structured and lasted one hour and fifteen minutes. The focus
group allowed the researchers to direct the line of questioning and
clarify the experiences of African American teachers and the
implementation of computing and computational thinking at



secondary schools. The participants were asked about the schools
in which they teach, their experiences with computing and
computational thinking, their students’ attitudes towards
computing, their attitudes towards instructing computing and
computational thinking at their respective schools, and any other
recommendations (see Table 1). The focus group was audio
recorded and transcribed.

5.3 Analysis

The transcript of the focus group recording was analyzed using
direct hybrid inductive-deductive thematic analysis [21]. The code
manual was developed using literature suggestions on critical
variables restricting the engagement of African American teachers
and students into pursuing computing opportunities such as sense
of belonging [22] and self-efficacy [9]. The code manual also
included the research team’s suggestions based on previous
interactions with secondary schools for computing outreach
programming [23-25]. The authors reviewed the codes answering
quality appraisal items determined by Atkins et al. [26]. No
additional modifications were required. Data from the
transcriptions were summarized into initial themes. The codes from
the codebook were applied to the identified themes; additional
codes were determined during this process. Themes were compared
with each other to determine any links between themes for further
summarization and legitimating.

6. RESULTS

6.1 School Environment

The participants that taught at the predominantly African American
schools reported that their schools had low funding and offered
students Chromebook laptops to use, with the availability of the
laptops being limited: “The system of Chromebook distribution in
this school district is not as efficient as it needs to be. So they have
not fully reached the potential of having a real one to one
classroom setting for every student...I would say the tech at my
school is not all that great, particularly talking to the labs. To me
those those desktops there are outdated or they’re slow. I don’t
think that the infrastructure for the web services, or internet, wifi is
that great. There’s a lot of missing parts, maybe mouse, maybe
keyboard, maybe buttons, you know just things of that nature.” At
the diverse schools, students were offered laptops with each student
having their own laptop and the availability of an onsite technician
to handle IT issues: “We're in a one to one Chromebook situation
and are really encouraged to use the technology” “We have people
at our fingertips that will help us at a moment’s notice at whatever
we have going on with the technology.”. In agreement, all
participants expressed that terms of implementing information
technology into the classrooms, their respective schools district
administrations battle trade offs between acquiring more computers
and adequately funding teachers’ salaries: “there's an issue with,
how much technology can they really give and spend money
towards, and will that still allow them to bring in those educators
or retain those educators that they need?”. Participants also
experienced inconsistent decisions with administrators choosing
technologies which inconveniently resulted in changed lesson
plans: “for me personally it's a lot of start and stop initiatives like,
we're going to push this down the pipeline for teachers to do this,
and then boom, it's all of a sudden, we're not going to do that”.
“What's a pain because instructionally, the teachers and the kids
are ready to do one thing, and then they rollout something else.”

6.2 Teaching Computing
The teachers had no experience teaching computing, but did
incorporate computational math and quiz programs and the Spark

programming tool: “it's basically around coding and programming
and using the URLs to do videos and things like that...it has the
coding embedded in it”. One teacher used robotics club as
computing education outreach. At one of the diverse schools, a
computing pathway (plan of course materials similar to a major) for
certification in computer science is also available to students:
“there's...a dedicated teacher that has already reached that...can
deliver it. So I don't see it going away...And the goal has been for
our kids to be pathway completers”.

The schools generally encouraged teachers and staff to use
technology and computational thinking in course instruction and,
particularly with the two diverse schools, frequently funded new
digital resources: “Yeah, it really depends on who's at the county
office level, as to how things are going to go when it comes to
technology. If someone is really, if the decision makers have bought
into technology and they really are passionate about the kids and
the teacher's having it and really being able to use it, then you're
going to see something better”. However, the participants
expressed they were required to learn the details of the new tools
on their own, outside of a basic training module: “/ find that some
people who aren't so tech savvy get overwhelmed with going out
there and researching. You really have to research”. “Our current
school district they will throw something on the computer and walk
you through a module and you'll answer some questions and then
at the end it will go, check yes or no if you completed it. And then
you check yes, and look, you passed!...You're certified. It's like,
what?”.

6.3 Importance of Teaching Computing
Participants believed teaching CS was important to develop
students into higher level thinkers as well as to better prepare them
for careers in the digital direction of society: “I would say expose
them to what the future says to. Because honestly if you look
around, everything is going automated”. When asked about their
thoughts on students’ lack of experience with computing
participants believed students’ current level of skill in computing
was low (if not in the computer science pathway) as a result of
students’ lack of interest, students’ lack of network of computer
scientists, students’ lack of exposure, and parents’ lack of exposure:
“I think a lot of the lack of interest maybe is number one exposure,
number two, of course you have student exposure and parent
exposure too. Because if you want the students to be interested then
you need that parent support. But also, they need to, students need
to be able to make connections”.

6.4 Teacher and Perceived Student Attitudes

Towards Computing

Computing was believed to be beneficial to students, though
teaching computing could also be a source of stress because it may
limited student-teacher interaction, overwhelmed teachers with
training and updates, and there was no additional money for desired
technologies: “Well, if you're going to make me become this
computer scientist and so tech savvy, then why am I not making the
money that computer scientists make? You've got to learn those
different platforms very quickly, and like my colleague said, and
then move on and learn something else. So it becomes, it can
overwhelm you”.

When discussing the requirements to teach the computing pathway,
which they reported were a computing bachelor’s degree,



Table 2. Connected Codes and Summarized Themes

Codes

Themes

School Description
Demographic
Access to technology

Predominantly African American students; Low Funding/Title 1

Limited chromebooks/laptops; On site technician; District administration funding balance
between teachers and staff and technology; Inconsistent pushing from district
administration

Experience Teaching Computing
No experience
Computational tools
School’s offerings

School’s Computing Demand
District administration

No computing teaching experience
Computational math programs; Computational quiz programs
Spark programming tool; Robotics outreach; Computing pathway

Provides avenues for schools to work on computing; Encourages teachers and staff to use
technology; Requires teachers to learn details of computing tools on their own

Importance in Teaching Computing
Purpose
Lack of students’ computing
experience

For students to be higher level thinkers; Computing is the direction of society
Student lack of interest; Student lack of exposure; Student parent lack of exposure;
Student lack of computing connections

Teacher Attitudes on Teaching Computing
Stressors

Requirements
Attitudes toward Requirements
Interest in computing

Teacher Attitudes on Computing
History in computing

Interest and sense of belonging in
computing
Teacher Computing Self-efficacy
With training

Without training

School’s CS Sense of Belonging
School support

Perceived Student Computing Sense of
Belonging
General
Computing pathways schools

Perceived Student Mindset and
Self-efficacy
Student mindset and self-efficacy

Limits student and teaching interaction; Varies for age; Overwhelming with training and
updates; No additional money

Need a computing bachelor’s degree; Need a computing teaching certification; Need work
experience in computing

Not realistic; Not many teachers trying to get certified; Supplements attractive for instructor
who is computing savvy

Interested in pioneering a new training and requirement format; Interested to increase
diversity; Interested if provided stipend or incentives

Typing and basic computer literacy course; C++ or equivalent programming course;
Dialogflow experience

Interested if it benefits the classroom; Attend computing workshops; Self-teaching and
research computing; Enjoy computational thinking and math

Inadequate training from district modules; Sufficient if trained by a computing professional/
expert; Challenging to instruct when students are more savvy

Not tech savvy; Takes time to understand the benefits of particular programs; Don’t think as a
computer scientist; Pick up on things easily; Learn by doing

District enforced orientation has computing instruction; Varies between school with and
without computing pathways

Students in-tune with and can articulate computing use and its benefits
Students can influence parents to see the value in computing; Computing courses full
and computing course well-received; Computing courses not as popular as other pathways

Students feel they have no choice but to use computers and do computing if enforced,;
Students are academically burned out by senior year; Students have limited focus in career
opportunities

Teacher’s Recommendations
District efforts
Teacher efforts

Parent efforts
Outreach efforts

Offer computing dual enrollment programs; Identify teachers willing to do computing training

Push underrepresented students into tech; Expose the computing applications to students’
interests; Put pressure on district to implement and secure computing programs

Expose the computing applications to children’s interest

Interactive computing outreach programs and workshops, preferably mobile; Computing
professionals collaborate with educators; Researcher practitioner partnerships; Post-high
school computing programs with stipends




participants believed the requirements were not realistic and did not
notice many teachers trying to get certified: “it's just not realistic
to me that they have that kind of requirement because if you're in
the private sector and you're in computer science you're making
way more than a teacher”. However, they felt the more computer
savvy educators would be interested in using knowledge from the
computing pathway to supplement course instruction in their other
courses. Participants expressed the desire for pioneering a new
training and requirement format for the computing pathway,
increasing diversity in the students taking computing courses, and
providing stipends or incentives for computing teachers: “So that's
something that definitely needs to be addressed at the state level,
that you need to take your existing STEM teachers and allow them
a pathway, those that are interested, to have some type of coding
training and be able to get some kind of endorsement as well”. “I
wouldn't mind doing training for it, as long as it doesn't impact my
original certification, teaching hours, and they would allow some
type of paid training during the summer months.”

Participants had a range of histories with computing including a
typing and basic computer literacy course, a C++ or equivalent
programming course, and experience with Dialogflow. The
participants were eager to learn computing and computational
thinking, especially if it benefitted the classroom. They expressed
the desire to attend computing and computational thinking
workshops and would partake in self-teaching and research in
computing and computational thinking because they enjoyed math:
“I'm typically the one who will research or go to work shops and
hear various other math based programs that help facilitate
learning, so those are the things that I've known or the experience
that I've gained from”.

In terms of training, participants felt that the modules provided by
the district provided inadequate training and believed the training
would be sufficient if it was led by a computing professional or
expert. When training was not provided, teachers had to learn by
doing and non-tech savvy instructors struggled. One participant
expressed that they “I pick it up pretty quickly” and another
confirmed that “[learning] by doing is what we teach our students
to do, and so when we do it as educators, we typically have a better
result”. One participant explicitly said that they did not think as a
computer scientist: “I think I don't always think like a computer
scientist, because being a different type of scientist, you know some
scientists everything should be black and white. And as a computer
scientist that's really not the case”.

The level of the schools’ computing sense of belonging varied
between schools with and without computing offerings. Only one
school had a specific computer science pathway. The other diverse
school offered the AP Computer Science course. “So certain
schools have more aligned computer science courses and other
schools may have little hints of computer science within the
courses.”

In general, participants believed students were in-tune with and can
articulate computing use and its benefits and that students can
influence parents to see the value in computing. While the
computing pathway was not as popular as other pathways, such as
the forensics or healthcare pathways, the pathways were usually
full and well-received by the students: “Well, from my previous
experience, those classes are typically full. Are they as popular as
say healthcare science? No”.

Outside of the students who choose the computer science pathway,
participants believed that their students feel they have little to no

choice but to do computing if enforced. Participants believe their
students are not necessarily interested in pursuing undergraduate
degrees in computing because some get academically burned out
by senior year and others have a limited focus in career
opportunities: “They're focus is so limited. And I even hear them
say, 1 can't imagine doing four more years of school. They're
burned out. And so I think industry needs to come down to the
classroom”.

6.5 Teacher’s Recommendations for

Broadening Computing Education

The participants provided several recommendations for broadening
computing education. It was suggested that the district offer
computing dual enrollment programs with community colleges and
identify teachers willing to do computing training. They believed
teachers could help by pushing underrepresented students into
computing, exposing computing applications through students’
interests, and putting pressure on the district to implement and
secure computing programs. They recommended that parents also
expose the computing applications through child’s interests. They
expressed desire for interactive computing outreach programs and
workshops that were preferably mobile in order to reach kids
outside of the city. It was suggested that the outreach programs
include collaboration between computing professionals and
educations, partnerships with researchers, and post-high school
computing programs with stipends.

7. DISCUSSION

The participant teachers’ schools matched the descriptions from the
literature [6] suggesting many underrepresented minority serving
schools have more limited access to technology; however, it
doesn’t seem to prevent any type of computing or computational
thinking instruction. The participating teachers did not have
computing teaching experience, however there is promising areas
of computing integration particularly in the area of computational
thinking [1, 4, 39]. District influence also seems key to integrating
more computing into schools. The teachers were supportive in
supplementing course material with computing concepts and
computational thinking rather than teaching computing. In part, this
was because obtaining certification to teach the computing pathway
was unrealistic for them and there were no viable options for them
to learn enough computing to teach a course. Incorporating
computational thinking across the curriculum in lieu of standalone
computing has been suggested for schools lacking in resources [1,
4]. Although the teachers expressed their desire to broaden
computing education for students of color, as pointed out by Goode,
they cannot do so if they are not given the resources to do so [17].

The participating teachers expressed the importance of workshops
for teachers and students; it is apparent from previous research that
computing workshops have positive outcomes for teacher’s [16,
35]. Previous research suggests that computing workshops can
increase teacher’s self-efficacy [11]. Unfortunately, the district
modules were inadequate, and it was easy for participants to pass
them without gaining any knowledge. However, teacher’s were
much more satisfied with the training when they were trained by a
computing professional or expert. This suggests that more
professional development should be offered to the teachers as a
form of support. Teachers expressed their desire for stipends as
incentives to teach computing courses. Given the intensive labor of
teaching computing [17] and the chronic need for computing
teachers to teach students of color [36], stipends could be attractive
to potential computing teachers.



This study had some limitations. There was only one focus group
conducted. The small sample size of this study means the
information collected herein does not provide the best
generalizability to a larger population, however the information
obtained is still useful in a exploratory sense and in that it draws
directly from experiences of educators. During the analysis of the
transcripts, the codes were developed from literature and the
research team’s suggestions without using an established template
codebook. Additionally, the measures of self-efficacy and sense of
belonging were only asked generally without detail to determine
precipitating factors that may have developed or continues to
provoke such computing identity factors. Also, the student self-
efficacy and sense of belonging is from the perspective of the
participating teachers and should be gauged with caution.

8. CONCLUSION

The study used a focus group to explore the computer science
identities of African American teachers, including their self-
efficacy in computing. The information provided by the
participants to recruit students and teachers for computing
education is notable because it provides valuable advice and insight
from experience that can help broaden computing education for
students of color. It also demonstrates that teachers from other
disciplines, in particular STEM, are willing to teach computing and
would like more resources to be able to do so. In addition, they
provide insight into the barriers plaguing students of color
participation in computing. Through the exploration of their
identities and experience in relation to computing, implications of
the study for broadening CSE for students of color were discovered.
Accessible opportunities for professional development in
computing should be presented to teachers who teach students of
color, and as suggested, the teachers are eager to learn computing
and broaden computing education. Future steps should also be
taken to address the barriers that inhibit students of color to receive
quality CSE.
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