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Abstract—As computing jobs continue to proliferate, it is
necessary to understand what traits and skills graduates need to
succeed long term. This entails not only defining what employers
expect from job applicants, but also what gaps they observe from
recent hires. Moreover, it requires consideration of the cultural
wealth that individuals contribute to the workplace, and how
hiring practices may affect populations minoritized in computing
— women, Blacks/African Americans, and Hispanics/Latinxs.
This paper describes the results of a systematic literature review
conducted to explore the hard (technical) and soft (non-technical)
skills assessed during the hiring process, and to examine which
are considered tantamount for professional success. In addition,
we seek to understand how the inherent capital of different
populations may be leveraged during the hiring process, and
long term in the workplace. Our study presents an anti-deficit
approach for the imperative of improving diversity in computing,
and to bridge the gap between cultural backgrounds, academic
curricula, and the needs of industry. These findings are intended
to inform pedagogical practice, potential employers, and to
encourage students to persevere despite the challenges inherent
in the hiring process in computing.

Index Terms—Hiring in computing, computing jobs, knowl-
edge deficiency, diversity in computing, cultural wealth

I. INTRODUCTION

Obtaining a position in computing requires job seekers to
demonstrate a range of competencies, knowledge, and abilities.
Not only are they required to possess technical prowess, but
also to have a good personality, a propensity for critical
thinking, an aptitude for learning, and strong written and oral
communication capabilities [1], [2], [3], [4]. To determine if a
computing candidate possesses the necessary skills, companies
often use technical interviews within the hiring process.

Technical interviews are common for technology positions,
and refers to the specialized and rigorous assessment of job
candidates’ capabilities, using live coding, logic, and problem
solving [5]. Candidates are expected to not only demonstrate
knowledge of computing fundamentals, but also to answer
complex programming questions. Throughout the real-time
coding, they are also encouraged to talk through their solution,
justify their thinking, and to give consideration to algorithmic

978-1-6654-4905-2/21/$31.00 ©2021 IEEE

Monique Ross
School of Computing and Information Sciences
Florida International University
Miami, United States
moross @fiu.edu

performance and testing. Unsurprisingly, students report that
when trying to start their career, technical interviews are
a major challenge [6]. Furthermore, these interviews rarely
consider their own inherent bias, placing undue emphasis on
certain skills while neglecting the cultural backgrounds and
wealth that diverse students can contribute to a workplace.
Considering the rigors associated with obtaining a degree
in computing, it is important that companies examine how
current evaluation methods may deter groups that are already
underrepresented— including women, Blacks/African Ameri-
cans, and Hispanics/Latinxs. The computing workforce in the
United States is, on average, 72.1% White, 15.94% Asian,
9.46% Black/African American, and 8.3% Hispanic/Latino
[7]. Although men comprise 75% of those hired, when con-
sidering the intersectionality of gender and race/ethnicity in
computing occupations, 56% are White women, 32% are
Asian women, 7% are Black women, and 5% are Latinx
women [8]. Furthermore, among 177 companies in Silicon
Valley, Black women, Latinas, and Native American/Alaskan
Native women comprise less then 2% of the total workers.

Companies and organizations are aware of the skewed
representation in computing, and they are taking steps to
ameliorate the situation [9], [10], [11]. Google established
the Computer Science Summer Institute (CSSI), a “camp”
to engage high school seniors in the discipline earlier '.
They also offered a branch specifically for Historically Black
Colleges and Universities (HBCUs) to help students build
their support network and to increase retention in the field. In
January 2021, Girls Who Code held their inaugural career fair
event to connect the community with job opportunities [12].
In addition, companies may send recruiters to conferences
intended to provide networking and professional development
for minoritized populations such as the National Society of
Black Engineers> (NSBE), the Society of Hispanic Profes-
sional Engineers® (SHPE), and the Grace Hopper Celebration®.

Uhttps://buildyourfuture.withgoogle.com/programs/

Zhttps://www.nsbe.org/

3https://www.shpe.org/
“https://ghc.anitab.org/



However, given the continuing discrepancies in representation,
more needs to be done, and it is important to consider the role
that the hiring process may play in perpetuating inequalities.

Given that diverse students may have unique experiences
and backgrounds that make them more adept in a number of
areas salient for long-term success in computing, we sought
to understand what skills are valued during the hiring process,
and which could be leveraged. Using the community cultural
wealth model as a lens to explore the inherent capital that
female, Black/African American, and Hispanic/Latinx students
contribute, we worked to answer the following research ques-
tions (RQs): 1. Which hard skills do employers assess during
hiring for computing roles?; 2. Which soft skills do employers
assess during hiring for computing roles?; and 3. How could
the hiring process be refined to better leverage community
cultural wealth for groups underrepresented in computing?

To address these questions, we performed a systematic
literature review (SLR) of the hiring process in computing.
Not only did we take an inventory of present publications
describing hard and soft skills for computing professions, but
we also present an analysis of which skills are evaluated
during the hiring process. Then, we discuss the importance
of diversity in hiring, and offer suggestions on ways to make
the process more inclusive. One of the main goals in this work
is to raise awareness of the assets that women, Blacks/African
Americans, and Hispanics/Latinxs can contribute, and how
approaches can be shifted to make hiring more inclusive.

In this document, we will discuss the background related to
the work in Section II, and the theoretical framework driving
this research in Section III. Then, we describe our review
process in detail, in Section IV. We give an overview of the
results from the SLR in Section V, and provide a discussion on
what this may mean in Section VI. We address any remaining
threats to the validity of this work in Section VII, and then
present our conclusions in Section VIIIL.

II. BACKGROUND

Employability is defined as a student’s characteristics, in
terms of their skills, comprehension, and personal attributes,
which make them the most likely to obtain a job or to
achieve career success [13]. Propelled by the needs of the
workforce, as well as regional, national, and supranational
agencies, universities are increasingly under pressure to find
a balance between education and professional training, and
employability is often linked to performance metrics [14],
[15], [16], [17]. Typically hiring in computing involves seeking
candidates with a range of hard and soft skills [18], [2], [3].

Hard skills are considered the skills specific for a particular
“work setting,” and are learned through education or during
the time on a job [19]. Although the exact categories may
vary, some examples include software engineering methods,
source code management, system administration, user inter-
face design, and embedded, mobile, testing/quality, and web
development [3]. Meanwhile, soft skills arise from an individ-
ual’s personality, attitudes, behaviors, and ability to interpret
social cues, to communicate, and to interact with others with
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Fig. 1: Community cultural wealth model

emotional intelligence and empathy [19]. Some examples of
soft skills include displaying an interest in learning, working
cooperatively with others, possessing analytical skills, and
being able to manage time effectively [20], [21], [4].

One of the more comprehensive skill categorizations iden-
tified was described by Calitz et al. for information and
communications technology (ICT) positions. Their breakdown
included necessary hard and soft skills requirements such
as [22]: problem-solving skills (such as creativity, research
skills, logical thinking, and working under pressure), inter-
personal skills (such as conflict resolution and teamwork),
work ethic, language skills, business processes, management
skills, internationalization skills, project management, strategy
skills, social network skills, software development, business
applications, current languages (e.g., Java, C/C++, C#), legacy
languages (e.g., Ada, COBOL), and mobile technologies.

III. THEORETICAL FRAMEWORK: COMMUNITY
CULTURAL WEALTH

To better understand our findings, we used the Community
Cultural Wealth (CCW) model, illustrated in Figure 1. Pre-
liminary versions of the CCW model were developed using
critical race theory as a foundation by Sélorzano, Villalpando,
an Oseguera [23] to discuss the oppressive practices that
may create barriers for marginalized groups. The concept was
additionally developed by Yosso [24] to further expand and
define different types of capital that exist for people of color,
as defined within their own community. Specifically, Aspira-
tional, Linguistic, Familial, Social, Navigational, and Resistant
capital are combined to produce the CCW framework.

Aspirational capital refers to the ability to maintain hopes
and dreams despite barriers [24]. Social capital is described
by the networks of people within the community, which
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offer resources and support. Navigational capital considers
the skills required to maneuver through social institutions
(like universities, or the computing industry). Resistant capital
refers to developing knowledge and skills through oppositional
behavior challenging inequality. Linguistic capital refers to the
intellectual and social skills gained through communication in
more than one language and/or style. Familial capital refers to
the cultural knowledge nurtured among family (either imme-
diate, extended, or chosen) that carries a sense of community
history, memory, and cultural intuition. It should be noted these
are not discrete categorizations, and overlap can occur.

Previously, CCW has been demonstrated as an effective
tool for considering the benefits of external contributors and
extracurricular support systems to empower minoritized pop-
ulations. In addition, work on students in STEM fields has
shown it can also be a powerful approach for curricula devel-
opment and teaching [25]. Faculty that encourage students to
take advantage of their office hours to offer professional and
academic advising, encouragement of internship and research,
and other forms of social support can strengthen the social
capital that establishes “supportive family-like relationships.”
This tends to also touch on familial capital, and may also
provide a form of navigational capital, as the advising helps
students to maneuver through their university. Additionally,
instructors are recommended to apply an asset-based approach,
like CCW, when considering the projects and examples that
they give to students, to help foster additional capital. In this
work, we consider how such ideas can extend to the hiring
process in computing.

IV. METHODS

Systematic literature reviews are used to parse through
the existing work on a topic, to assess papers related to a
phenomenon of interest, and to identify answers to specific
questions, as well as areas where there may be gaps [26],
[27]. We sought to examine existing publications to see what
skills are valued and evaluated during hiring. Additionally, we
explored how companies considered diverse skill sets during
computing interviews, and initiatives to consider diversity or
make the process more inclusive. In order to describe the
hiring process in computing, we followed the procedure pre-
viously described by Petticrew and Roberts [26], and through

application of the additional principles for SLR in software
engineering described by Kitchenham and Charters [28].

A. Source Selection and Search

An ad hoc review was first undertaken to assist with the
development of search strings and to develop selection criteria
[29]. Publications were expanded beyond journal articles and
conference proceedings to also consider books since they
proved the most thorough resource for both job applicants and
employers conducting job interviews and included information
gathered from multiple technology companies to inform what
hiring looked like overall. Also, because the hiring process has
changed over time and we only wanted to consider more recent
practices, the timeframe for publications was limited to papers
from the last decade (2010 or later). In addition, all research,
books, journal and conference proceedings were examined
manually to guarantee adherence to the inclusion/exclusion
criteria. Specifically, we considered the areas pertaining to
computing hiring, the skills needed for jobs, and attempts to
make the process more inclusive as depicted in Figure 2.

As shown in this figure, we considered both the job appli-
cant or candidate and the employer or industry perspectives.
We looked into interview preparation (A), the interview pro-
cess itself (B), and mentions of job feedback or offers (C). We
also examined papers that mentioned interviews or hiring in
reference to the desired skills of candidates (D). Additionally,
we considered mentions of diversity issues in interviews or
attempts to make the hiring process more inclusive (E).

In the spring of 2020, publications indexed in the following
4 databases were searched 1) Google Scholar (GS), 2) IEEE
Xplore Digital Library, 3) ACM Digital Library, and 4) confer-
ence proceedings from ASEE. To keep the literature focused
on the desired areas, search strings were created to query the
selected sources. The following contained the relevant terms
for the hiring process:

((Computing OR Technical OR Software Engineer* OR
Software Develop*) AND (Interviews OR Hiring OR
Occupations OR Jobs))

OR
(Diversity OR Inclusivity) AND (Computing Interviews OR
Technical Interviews OR Software Engineer* Interviews OR
Software Develop* Interviews)



Exclusion
Publications not in English
Publications based solely on personal
opinions
Publications without clear methods
or books where the author’s
qualifications or credentials
were not made explicit
Publications from corporate
reports, blogs, patents,
or opinion articles
Publications where computing
fields are not the primary focus

Inclusion
Publications that address the RQs
Publications displaying empirical
evidence
Publications that clearly define
their methods/sources
and books where the author
had experiences or credentials
Publications from journals,
conference proceedings,
books, or theses
Publications that discuss
the hiring process in computing

TABLE I: SLR inclusion and exclusion criteria

One issue encountered was the stopping conditions in the
databases queried. For example, GS often lists hundreds of
thousands of results. Due to the manual nature of the review
process, it was not possible to analyze each result. However,
we used the databases’ internal ranking algorithms to restrict
the number of results to the most relevant. This is consistent
with the heuristics used by others conducting SLRs [30].

B. Study Inclusion and Exclusion Criteria

The search strings generated a lengthy list of sources, that
often were not related to the research questions. To filter from
title to abstract to content, we applied a list of additional
criteria, illustrated in Table I. Given that many accounts of
the hiring process were published in books, we included them
in the search so long as the author had firsthand experience
with the hiring process, or their credentials as experts on the
topic could be substantiated.

Technical interviews and computing positions tend to fall
under a wide umbrella of topics and industries, and often
roles exist within international companies. Given the evolving
nature of the how interviews are conducted, and the range of
fields that computing can include, it is necessary to continue
to evaluate industrial needs and educational training, and to
approach skills required with a worldwide perspective. For the
purposes of our inquiry, we considered computing according
to global descriptors as encompassing: software engineering
(SE), computer science (CS), information technology (IT),
information systems (IS), computer engineering (CE), or ICT.
As such, any publication that discussed the hiring process
in one of these fields was included for consideration. We
also included publications that focused on computing sub-
specializations such as cybersecurity or data science.

C. Study Execution

An overview of the SLR paper identification process is
shown in Figure 3. After executing all search strings and man-
ually searching through all selected sources, 6,890 publications
were found (A). Then duplicates were removed, resulting in

5,640 publications (B). After sorting through the titles to iden-
tify relevant abstracts, 461 remained (C). Then the abstracts for
these publications were read for applicability, leaving 237 (D).
Each of the full text publications were read in their entirety,
and after applying the inclusion and exclusion criteria, 64
remained (E). We also applied snowballing, examining the
references from the publications as well as those that cited the
publications, to maximize relevant sources on the topic [30].
We identified 41 additional publications from snowballing (F),
resulting in a total publication count of 105 (G).

It should be noted that during the snowballing phase, it took
three rounds of forward and backward snowballing to reach
a point where there were no new relevant sources were iden-
tified. Also, the publications identified through snowballing
were subject to the same process as the publications identified
from the databases. Based on titles, we identified a total list
of the 232 potential publications. Duplicates were removed,
resulting in 144. Then the abstracts were read and the inclusion
and exclusion criteria were applied, resulting in 110 examined
in full. From these, only 41 remained applicable, and these
were added to the 64 from the databases.

V. RESULTS
The full list of publications is available at:
https://bit.ly/3hVSFhq. Among these 105 publications,

16 were books, 40 were conference proceedings, 11 were
theses, and 38 were journal articles. However, the majority
of the papers focused on the skill gaps and knowledge
deficiencies of job candidates or recent hires (93 in total),
and far less focused on interviews themselves. When
considering interview components, 51 publications touched
on interview preparation, 31 on the interview process, and
18 on interview feedback or decisions. In addition, only 18
publications considered gender and 11 publications touched
on race/gender in the hiring process, or discussed attempts to
make the process more inclusive.

VI. DISCUSSION

The breakdown of existing publications reveals that when
evaluating the hiring process in computing, most often, schol-
ars focus on skills employers want, and there is limited work
conducted with consideration to diversity. Several papers did
remark on gender, race, or ethnicity and offered suggestions to
make the process more inclusive, or focused on the obstacles
encountered/employer practices [31], [32], [33], [34], [35],
[36], [37], [38], [4], [39]. Yet, relative to the larger pool
of papers identified, only a few authors include women or
racial/ethnic minorities as the primary populations studied
[10], [6], [40], [41], [42], [43], [44], [45], [46], [47]. This
represents a space that should be filled, and demonstrates a
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Fig. 3: SLR paper selection process



need for computer science education researchers to consider
diverse populations when examining the hiring process.

A. Hiring Process in Computing

The hiring process in computing can vary based on the
values, culture, and organization of the company; which may
be classified as start-ups, mature consumer-facing companies,
enterprise-oriented companies, government contractors, or em-
bedded systems/chip design companies [48]. However, the pro-
cess typically includes some combination of behavioral, tech-
nical, and problem-solving rounds. In addition, job candidates
may have to complete a task or take home assignment. The
exact number of questions, duration, and style are variable, but
often includes assessment(s) via phone/video calls and on-site,
before feedback is given or decisions are made [5].

When a technical challenge is given, programming ques-
tions are often expected to be completed on a whiteboard,
with a paper and pencil, or through a simple text editor,
and candidates are expected to also give consideration to
algorithmic performance, and how their code can be tested
[49], [5], [50], [34]. Also, pseudocode is insufficient, instead
code is requested in a specific language [51]. Job candidates
are also expected to effectively communicate while they solve
the problem, as hiring managers want to see how candidates
approach the question to evaluate their abilities [32], [52].

To prepare for these interviews, students are presumed to
prepare weeks, or even years in advance [53], [5]. However,
these expectations do not account for students’ additional
commitments, such as coursework, working other jobs, dealing
with a personal recurring health issue, or caring for a family
member. This can create an unequal divide between those
with a greater availability to prepare, relative to those students
which have limited time as a result of these other factors.

B. Hard and Soft Skills Desired in Computing

The skills and background preferred for technical roles
differs widely by the position. For project manager jobs, as an
example, apart from valuing leadership and communication,
certain companies may favor candidates with backgrounds in
business in addition to engineering and/or computer science
[54]. For information technology positions, certification can
be a positive way for candidates to demonstrate skills acquired
[55]. However, in other branches of computing, certifications
are treated neutrally, or even as a negative, reflecting that a
candidate may be overly specialized [56], [13], [57], [5].

When considering software development roles, Agile is
often considered the preferable model by industry, although
recent graduates mention that it was infrequently covered, or
not discussed at all during their education [58]. Being able
to design and test software are also considered important for
long term success [59], [2]; however, software testing was
repeatedly mentioned by employers and recent graduates as
a knowledge deficiency [3], [58], [60]. Interestingly, although
testing may be valuable, companies in computing are roughly
six times more likely to search for coders than they are
for testers [59]. Furthermore, coding and programming are

considered important to a computing career in the abstract,
but to be successful in industry it is also important to think
creatively, to write well organized code, and to be able to see
both the broader pictures and more specific details [61], [62].
Accordingly, hiring personnel often look to soft skills as well.

In particular, teamwork and communication are considered
tantamount to success [63], [21], [52], [64], [3], [58], [65],
[4], [41]. Internationally, being proficient in written and verbal
English is also considered highly important since it is the
most widely used language in computing fields [63], [66].
Non-native speakers applying for computing positions are
encouraged to practice everyday, either in front of a mirror
or by watching television with English captioning [66].

Company-fit is also considered important during hiring and
may include assessing items such as a candidate’s preferences
for [36]: the working environment, career growth (opportuni-
ties for upward mobility), if they prefer start-ups or established
organizations, the products (do they believe in the product
or have personal issues in opposition to them, e.g., tobacco),
industry leadership, training policies (like educational reim-
bursement), competing local employers, the profitability of
the company, cash flow, recent layoffs, recent mergers and
acquisitions, and the overall corporate culture (dynamic and
chaotic versus more relaxed). Unfortunately, many employers
also utilize not “fitting into the culture” as a way of denying
positions to more diverse candidates [67], [68].

Although it is evident that both hard or soft skills are con-
sidered during job interviews, there is a heated debate about
which is more important to being successful in the workplace.
A study by Exter et al. [69] used a mixed-methods approach
to survey computing professionals, with anywhere from 1
to 40+ years of experience across industries and countries,
and they observed that universally critical thinking, problem
solving, and continued lifelong learning were all skills neces-
sary for professional software development and engineering.
Interestingly, they also found that although specific models
and programming languages were considered important, it was
the broader concepts relevant to many different languages and
software engineering principles that were considered essential,
such as understanding object-oriented design. Also, although
universities covered assembly and specific algorithms, these
were not especially relevant to the actual work completed in
computing careers. These findings demonstrate that although
academia does not need to be informed by the current trends
and demands of industry, perhaps greater communication
between them should be considered to enhance students’ em-
ployability and to provide better preparation for the workplace.

C. Knowledge Deficiencies in Interviews

Literature frequently mentions a disconnect between what
students learn in schools, and their performance in computing
interviews and/or careers [70], [65]. From the perspective of
academia, the best way to resolve the skill gap is to increase in-
dustry collaborations and internship opportunities for students
[4]. However, students, recent graduates, and industry tend to
have another view on these knowledge deficiencies [58], [20].



Typically, students and recent graduates attribute a skill gap
to education placing a heavier focus on theory rather than
practical experience [58], [20]. Meanwhile, 32% of employers
believe that the skill gap is the result of education and/or
changing technology [20]. In fact, when comparing graduates
from universities to graduates from paid multi-week coding
bootcamps some hiring managers reported that although the
graduates from universities had a better grasp at the theoretical
underpinnings, the graduates from bootcamps tended to have
greater familiarity with current software programs and hard-
ware, making them a greater asset [62]. Furthermore, although
most of the bootcamp graduates had college degrees in fields
other than computing, they managed to not only acquire savvy
in code development, but also in the realm of communication,
and an ability to better handle critical feedback.

Although academia is unable to modify its curriculum to
support rapidly changing programs, languages, and technolo-
gies as fast as a shorter duration bootcamp, these findings
hint at a great underlying issue that perhaps academia needs
to reconsider its approach [62], [33]. While the way industry
measures success may need refining, institutions need to also
accept that they may not always offer adequate training. If the
ultimate goal of universities is to prepare students for a career
in the field, at the bare minimum schools need to consider
offering opportunities and workshops for students to gain the
type of exposure they need to be competitive in the job market.

In part, it is difficult for universities to adequately prepare
students if their own staff are unaware of what hiring in
computing entails. Previous research has demonstrated that
computer science professors at Historically Black Institutions
may lack experience with technical interviews themselves [10].
Accordingly, they are unable to understand the components
required nor the anxiety they can induce. While this work may
have been conducted at a historically Black institution, the
principles are true for professors at all universities. Offering
faculty workshops, or encouraging professors themselves to
undergo the interview process “in the name of research”
could prove beneficial to understanding what their students
go through, and could provide insight into areas they could
improve their own course design to address shortcomings.

Furthermore, teaching interview skills and offering students
opportunities to practice can be beneficial to improving com-
munication and could enable them to test different strategies
in a low pressure environment. Previous work integrating a
practical course as part of the Bachelor of Information and
Communications Technology (BICT) degree at a university in
New Zealand yielded some positive insights [71]. The course
itself offered students information about what to expect from
the interview process, typical formats and questions, and other
tips on presentations and non-verbal communication. It also
included a role play session, simulating technical interviews.
Although initially the students reported feeling anxious before
the interview role play, as the mock interviews wore on, the
students noted they began to apply the lessons learned from
the preparatory process to feel more confident in their answers.
As weeks passed, the students reflected on the simulation

experience and they emphasized how beneficial it had been.
Even though this is not a component typically offered with
computing degrees, it provides a useful model to what such a
course, or addendum to a capstone project could look like.

D. Valuing Diversity

Despite many reports that “hiring is broken,” few papers
address how to remedy the process, and even less discuss how
the process may discourage women, Blacks/African Ameri-
cans, and Hispanics/Latinxs. Reports note that even when these
groups are represented at a company, they are often in roles
other than software engineers [6]. To broaden participation in
computing, it is necessary to recruit a diverse set of candidates
and to consider inclusive practices supportive of marginalized
groups. As we mentioned, companies have taken steps towards
doing so, however, there is still more to be done to achieve
representation more reflective of the general population. It is
worth approaching the hiring process with a critical eye and
asking, “How do current hiring practices overvalue certain,
narrowly-defined ways of knowing as ‘hard skills’ vs. ’soft
skills’?” Furthermore, consideration should be given to how
this binary benefits and harms certain cultural identities, and
limits the diversity of ways to demonstrate value to a company.

While this SLR emphasized that there is a lot variability
in what companies may want, and which skills they value,
several important considerations should be taken away. For
example, despite differences in the processes and demands
across industries and roles, communication and teamwork are
widely considered necessary [63], [21], [52], [64], [3], [58],
[65], [4], [41]. Given their value, it is imperative for educators
and employers to think about how they can help students and
employees develop these skills, and leverage their own capital
for long term success in computing. Now we will tie the hiring
process to opportunities to honor cultural wealth.

Social Capital: In professional settings pair programming
has been shown to have several benefits [72]. Not only does
it result in higher quality code with fewer bugs, but partners
often learn from each other, leading to better understanding.
Diversity in thought has also been shown to enhance the
work developed by the team, as partners contribute unique
perspectives to a given task. Likewise, universities can apply
this approach to programming coursework, including pair-
programming projects or assignments, and potentially rotating
teammates to increase exposure to disparate approaches and
thinking. Building these relationships with others in their
classes, whom they may otherwise be uncomfortable ap-
proaching, could help students develop their ties within the
computing community, which could improve social capital,
and build support they lean on during the hiring process. In
addition, assigning students to diverse groups for projects,
rather than allowing students to choose their own teammates, is
recommended to more accurately reflect scenarios encountered
in the workplace [47].

Even before hiring begins, employers should seek to of-
fer career mentoring or internships opportunities to under-
represented groups to encourage occupational trajectories in



computing [73], [74]. Alternatively, co-operative education
programs (or “co-ops”) are similar to internships, but typically
last longer, and involve a partnership with an educational
institution to offer academic credit for work completed with a
company [75]. Although it may require a greater investment
of time and resources, co-ops lead to job candidates with
improved preparation and technical acumen.

Furthermore, purposeful leadership, and placing women
and/or minorities as members on industry boards can also lead
to more diverse mindsets, leveraging human capital, and could
encourage representation of others within the company as well
[76]. Tt is also important think about the staff representing
the company. Mahmoudi mentioned that typically the human
resources managers that greeted candidates for the on site visit
were female. However, later interviews during the course of
the on site were typically all White or Asian males, and usually
more senior employees [45]. To demonstrate that a candidate
may be able to find a community within a company, and
develop their own social capital, companies should diversify
those conducting the interviews.

Familial Capital: Prior literature has described how resumes
can be used to perpetuate inequity in hiring across industries
and occupations, and have highlighted how employers’ inher-
ent bias may result in neglecting qualified applicants based
on presumptions about their identification with a particular
gender, racial, or ethnic group [39]. To mitigate discrimination
during application screening, programs have been developed
(such as Blendoor’) to remove personal information from
resumes with the intention of encouraging employers to focus
on applicant’s skills. However, since adaption of such technol-
ogy may not be widespread, companies should consider other
avenues for locating qualified candidates, and particularly
those who may otherwise be overlooked based on human
judgements about their name or the academic institution they
attended. It has been noted that often the best candidates are
obtained through peer referrals, where a friend, mentor, or
colleague can vouch for the skills of a job applicant [51]. By
tapping into the networks of trusted employees, companies
may be able to locate adept applicants that have the capability
to succeed in the role, but that may have been neglected while
parsing through resumes as a result of human or algorithmic
bias. Also, leveraging familial capital through hiring an em-
ployee’s immediate, extended, or chosen family may lead to
better workplace relationships, increased collaborations, and
higher productivity. However, it can be a slippery slope to
perpetuating nepotism and additional inequity, and while such
channels may be beneficial for identifying applicants, all job
candidates should be subject to the same interview process to
assess hard and soft skills.

Navigational Capital: Institutional agents such as faculty
have been shown to play an important role in recognizing
students’ inherent capital, and encouraging them to succeed
[25]. To ensure optimal performance during interviews, hiring
managers and recruiters should consider their own impact

Shttps://blendoor.com/

and should make an effort to provide positive support and
encouragement. This is important since previously critical,
harsh, or condescending interviewers have been shown to
leave a lasting impact on candidates [33]. Interviewers must
be cognizant of their influence, and rather than appearing
stoic or overly trenchant, could offer support in the form
of tips, and positive reinforcement to help bolster students’
navigational capital as they solve difficult problems during
technical interviews.

In the interview itself, it may be important to consider
practices that ensure a candidate has the capability of perform-
ing the job, without requiring intensive practice to prepare.
Whether a candidate is fresh out of school or more advanced,
they should be treated the same and the approach should
be equal. Rather than offering a rigorous programming test
to assess their abilities, a better approach would be to ask
questions or problems that employees at the company recently
solved. This method ensures that irrespective of the candidate’s
experience level, they can demonstrate their approach and
problem solving acumen in a concrete way for the types of
things they would need to do in the role [77]. After it has been
established that the candidate does possess the foundations to
perform the job, there are other ways to gauge skill that could
be more equitable to assess hard and soft skills like creativity,
critical thinking, and communication.

Another option both for universities and companies is to
consider collaborating to offer opportunities for mock in-
terviews, which can help to reduce job applicants’ anxiety,
strengthen communication skills, and can help them navigate
through the hiring process [10], [71]. It has been suggested
that since students often encounter “friendly teams” during
meetings at school, mock interviews can help them gain insight
into how meetings are conducted in an industry setting [47].
They can also help students utilize learning transfer as they
apply theories taught into practice.

In addition, since students report an abundance of focus
on theory, educators should ruminate on providing increased
opportunities for hands on examples and problem solving.
Project work and simulations that tackle real life problems
or role playing, have been shown to be a valuable aspect
of university studies, and can be beneficial when students
complete technical interviews [47]. While universities are not
meant to serve as vocational institutions, increased familiarity
with how algorithms can be applied, and in which contexts,
may reinforce the concepts covered. Also, embedding the
mindset of testing throughout design and development could
help to improve the quality of the work submitted on exams
and assignments, as students become stronger at walking
through their solutions and correcting their own errors [58].

Resistant Capital: As a first step, companies should provide
inclusivity training to all employees. Interviewers and hiring
managers should consider how their demeanor and disposition
can impact (and potentially discourage) job candidates. Many
students report that during the hiring process they feel the
recruiters are poor at conveying information, and they are often
“ghosted” [33]. Providing feedback about the performance



should be considered carefully, to encourage aspirational cap-
ital for job candidates. Offering concrete suggestions like
specific data structures to review, or ways the student could
improve could be given along with encouragement to reapply
once they have mastered whatever area they fell short in,
so that despite the present failure, the job seeker can learn
from the experience and move forward in a positive way.
Rather than crushing their hopes, proper framing could help
strengthen their resistant capital, encouraging them to prepare
more in support of their goals, despite the temporary setbacks.

Companies should also consider their job postings, the
way they discuss the corporate “culture” during recruitment
sessions, and how technical complexity or certain references
(i.e., geek culture, gendered, or racial/ethnic) may discourage
applicants [35]. Job descriptions should be reviewed by multi-
ple team members, perhaps anonymously, to avoid alienating
any individual. In addition, the programs employed to sort
through resumes and identify candidates, should be analyzed
and checked to mitigate potential algorithmic bias.

To ensure more equitable development in the future, ed-
ucators can also include course material to train students
on algorithmic bias. It is important that students can rec-
ognize and detect “intentional discrimination, statistical and
classification bias, as well as data errors and absences that
may perpetuate structural disadvantage” to shift the mindset
towards one of inclusivity [39]. Such training is vital towards
students’ development of knowledge and skills that will yield
consideration of fair-minded practices and implementation.

Linguistic Capital: Although non-native speakers were en-
couraged to conform for interview preparation, we recom-
mend that employers consider the benefits of hiring multi-
lingual individuals. Speaking another language (or multiple
languages) should be considered an asset that may make them
more adept at sharing their work and explaining their code
during the hiring process in the short term [46], [21]. In the
long term, it could also translate into a potential employee
that can effectively communicate not only with their boss
and coworkers, but also with clients when trying to elicit
specifications for software or describing a product. Rather
than placing such a premium on live coding during hiring,
interviewers could offer candidates more opportunities to talk
through prior projects, or to explain take home assignments.

Aspirational Capital: There are several other things that
employers could do to encourage hiring and retention of
employees. Blincoe et al. [43] demonstrated that women often
feel they have to work harder to prove their value, and that
there is an implicit bias that disadvantages women towards
receiving promotions; however, this is likely true of many
minorities. Promoting work life balance, offering mentoring
opportunities for new employees, and ensuring promotions
are based on measurable achievements could help to improve
diverse talent and create a more equitable environment.

Within the university setting, there are also steps educators
can take to encourage persistence and engagement in comput-
ing. Previously, scholars have argued it is important to develop
students’ disciplinary identities in STEM, in addition to their

cognitive skills [78], [79], [80]. Departments should consider
that diverse faculty may serve as mentors and role models
[81], [82], and that improving parity in representation “may
help mitigate the educational climate, which our participants
described as isolating and insensitive to their needs” [82, p.
174]. Also, instructors should be judicious of the way the
speak with students, and the feedback they give on exams and
assignments. When delivered in the right way, constructive
feedback can help improve pedagogy and can encourage
maintaining hopes and dreams despite setbacks [83].

VII. THREATS TO VALIDITY

Some limitations exist in this work, which should be dis-
cussed. First, source selection was conducted primarily by the
first author, which may lead to some subjective bias. Also,
although the search terms were based on a preliminary assess-
ment and seemed to cover the subject adequately, additional
terms might have identified further sources.

It should also be noted that each company may have their
own hiring procedures, and differences may exist depending
on the role. As such, there may be others that are unique,
which were not examined here simply because there were
no formal publications about their process. Also, while our
findings enabled us to establish a general consensus on the
overall process in computing, there are many sub-disciplines
and specializations which future work should examine to gain
a more comprehensive look at hiring across computing fields.

In addition, although our publications gathered span many
countries, and multiple continents, our sources were limited
to papers in English. We would like to acknowledge that
there may be additional work that was filtered out in our
review which may be applicable, and we suggest future studies
consider inclusion of papers from other databases or written
in other languages. Furthermore, we have collected works that
consider various perspectives on the process, including not
only the companies and hiring managers, but also from job
applicants, students, and industry experts. We argue that based
on the literature collected, we have obtained a diverse range
that comprehensively covers the larger process of computing
hiring. Accordingly, there are limited issues with external
validity that should be considered.

VIII. CONCLUSIONS

Ultimately this work serves to inform students and educators
what the hiring process in computing entails, and how to
prepare. Moreover, this research is intended to provide industry
and academia with evidence of the problems inherent with the
existing systems. Going forward, academia should consider
revisions to its curricula, and the computing industry should
reconsider their current hiring practices and try to refine hiring
to make it more inclusive. Knowing that “hiring is broken” in
computing is not enough. Instead, it is important to consider
what the issues are, to find ways to fix them, and to make the
process more equitable to broaden participation of women,
Blacks/African Americans, and Hispanics/Latinxs.
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