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Abstract—The attraction of a massive open online course
(MOOC) draws many initial subscribers, but the drop-off rate
for the average MOOC is high, especially within STEM subjects
such as found in emergent technologies like Quantum Computing.
The STEM pipeline is leaky — it is intimidating to many
minority students, who, despite having the ability to succeed,
fall out of that pipeline because of self-doubt exacerbated by
stereotypes, discrimination, and threats to their social identity
within academia. Social identity threat thus causes a lacking
connectedness to the overall group identity of the cohort, and
furthers the student’s sense of isolation in the class. While
these students may seek out online courses in order to protect
themselves from identity threat present in the physical classroom,
it is important that pervasive self-doubt caused by discrimination
is addressed as it can continue to hinder the student’s success.
Brief, non-invasive interventions throughout the duration of the
MOOC can assist with creating the necessary barriers between
the student’s self-worth and the difficulties of the course, and
course setup can encourage positive group identity in an environ-
ment where discrimination based on gender, race and/or ethnicity
does not bear the same effect as in the physical classroom. These
interventions, in which the student reflects on their personal
values through a writing assignment, are delivered a few times
throughout the course’s duration, and have been shown to lend
to perseverance in studies and lower course attrition rates. This
paper discusses the course design for a quantum computing
MOOC, in which writing exercises are utilized as interventions to
ease psychological barriers, and course setup encourages students
to extend themselves into collaborative problem-solving groups
to form positive group identity. This paper will further discuss
the hypothesis that such a setup will build student perseverance
within the course and their line of study.

Index Terms—MOOC, STEM, group identity, self-confidence,
diversity

I. INTRODUCTION

As of April 2020, 40% of the most popular massive open
online courses (MOOCs) based on enrollment numbers are
STEM courses, ranging from introductory material to ad-
vanced subjects [1]. While this allows a low-risk entry into
learning STEM, there is still an issue of rejection among
minority students who have historically been excluded from
STEM based on their gender, race and/or ethnicity. These
biases may then be internalized; in the face of failure, under-
represented minority students may then attribute their mistakes
as being due to inherent and unchangeable flaws, rather than
viewing themselves as able to grow and learn from failure. As
their failure and struggle within the course then aligns with
stereotypes and bias, these students experience a diminishing
validation of their efforts and are likely to withdraw from

courses, and often leave the field of study entirely without
intervention [2] [3]. This is detrimental to the students as
well as fields that struggle to diversify, especially fields that
necessitate a larger workforce than is currently available.

The technology sector in particular struggles to diversify:
reports made in 2017 revealed that, across six technology
giants (Google, Facebook, Apple, Microsoft, Twitter, and
Uber), only one to three percent of employees were black
or Hispanic, with an average of 30% of employees being
women; these numbers grew considerably lower when looking
at executive positions [4]. In the field of quantum computing
specifically, there is a great necessity for more students to
become involved in order to contribute, as there continues to
be a rapid expansion of discoveries in the field but too small
a workforce to compensate. However, due to its mathematical
complexity, it is likely that students who are interested in the
subject and capable of learning will leave the course due to
self-perceived beliefs that they are inherently poor learners
of the subject; pervasive stereotypes (such as women being
less intelligent in math subjects) and an underrepresentation
of women, black, and Hispanic persons with technology can
make failures during learning seem like inherent attributes,
rather than external hurdles that they are capable of overcom-
ing.

The student’s personal identity is overlooked in the class-
room, especially when it comes to courses that invite a large
swathe of students to a given class. In the physical classroom,
the student can feel simultaneously lost in the crowd due to the
class size alone, and feel singled out if they do not fit into the
average student body, which in computer technology courses
tends to be overwhelmingly male, white, and Asian (as an
aside: Asian students face their own harmful racial stereotypes
within the classroom and field that can negatively affect their
self-esteem, however it differs in the sense that Asian students
are expected to be superior within STEM, rather than inferior
[5]). There can be a sense of identity threat due to a perceived
lack of belonging to the group. However, students who feel a
connectedness to their group, and in turn form a positive group
identity, raises motivation and persistence within the subject
[6]. Raising motivation in the student can be achieved through
instructors giving students a sense of belonging by forming
connections to other students (such as placing them in groups
with distinctive functions) or giving them a connection to the
subject itself. Motivation can also be raised by intervening with
individual assignments that focus on the student’s personal
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values and beliefs outside of the course, thus strengthening
their resolve and self-worth in a course that may be threatening
to their self-esteem due to the subject’s difficulty, which can
then exacerbate internalized biases [7].

However, without this intervention, underrepresented minor-
ity students may feel inclined to avoid the physical classroom
altogether in order to avoid direct identity threat and the
anxiety that follows. These students may then seek out a
MOOC to learn course content in a way that limits their
social interaction, which allows them to learn without the
overhead worries of how they are perceived within the physical
classroom. MOOCs offer the student a means to learn the
content in either a fully or semi-anonymous fashion, depending
on a given course’s setup; in courses where students are asked
to participate in discussions with fellow students, they have
the opportunity to partake in a way that allows them to be
seen in an objective manner, rather than in a way in which
their appearance influences their interactions [8].

While students can find relief in learning via a MOOC, it
is only a temporary solution, and courses may still see an
achievement gap among minority students due to persistent
social psychological barriers, contributing to overall high at-
trition rates among MOOCs [9] [10]. Social interaction among
colleagues in the workplace is a necessary component to both
personal occupational growth and a stable work environment,
however students who felt underrepresented in the classroom
are likely to feel underrepresented in the workplace as well
due to lack of diversity. Though minority students may find
reprieve in online courses, they may re-experience the anxiety
of identity threat and a concurrent hypersensitivity to rejection
once in the workforce. Rejection sensitivity among minority
students can make failures and criticisms particularly difficult
to handle, as these students have been primed to have an
anxious response to criticism and rejection due to a history of
discrimination against their social identities within academia
[2] [11].

In addition, classroom interventions — which include value
affirmation tasks and an application of attribution theory, in
which pejorative attributions (such as an inherent and unfixable
sense of failure) are changed to non-pejorative attributions
(such as viewing a low test score as being the fault of not
studying enough) [12] — are not a standard among classrooms
in general. In addition, while research regarding interventions
takes STEM education into particular consideration, these
interventions appear in research as being applied to courses
such as mathematics, biology, and physics. Such interventions
have not been applied to computer technology courses in
research, and have been sparsely applied to online courses and
MOOCs in research. These interventions are shown as creating
a necessary buffer between minority students and the course in
such a way that it preserves their self-confidence in the face of
academic threat and encourages perseverance in their studies,
which is then likely to follow them into the workforce [6] [7]
[13]. Applying these methods to computer technology courses,
and applying them to computer technology courses that are
offered at such a scale as a MOOC, could be beneficial to

tackling the diversity gaps seen in the technology sector and
could encourage more students to study complex fields that
require a larger workforce, such as quantum computing.

To bring these interventions to a MOOC that is focused on
a complex technology subject would offer further insights into
the research surrounding values affirmation as applied to on-
line learning and how it assists in shortening the achievement
gap among minority students in STEM. This paper takes into
consideration how minority students can be assisted in such a
manner through a MOOC, as well as how MOOCs with built-
in methods of class participation can focus on strengthening
group identity. Focusing on a quantum computing course
delivered through a MOOC allows insight into how students
tackle complex course material, how their resiliency manifests
throughout the course with interventions, and how their self-
confidence manifests through a combination of affirmation
interventions and the formation of positive group identity.

II. LITERATURE REVIEW

To briefly describe quantum computing and its components,
it is a leading-edge area of computing that is the result of
synergistic research efforts in the fields of quantum physics,
quantum mechanics, computer science, and mathematics. It is
a complex subject that, in the course of a student’s academic
journey, presents a number of challenges within the subject
matter itself and within the path built to obtain certification.
There is a deficit of professionals within the field, and as
such the turnaround to getting students into the workforce is
slow; there are not enough professionals to teach the subject in
person at universities, which thus makes quantum computing
a selective field to be accepted into. There are roughly 800
quantum computing experts worldwide [14]; a select number
of universities in the U.S. have quantum computing research
teams, and degrees are often only offered at the Master’s
or PhD level [15]. Quantum computing has been gaining
momentum as an area of study since 2017, when IBM allowed
researchers worldwide to access their prototype quantum pro-
cessors, which then allowed for experiments to be repeatable
and expanded upon [16].

As such, it is necessary to be able to deliver course content
in a manner that is accessible to students as early as at the high
school level and to those entering the subject from varying
educational and occupational backgrounds, accessible to those
who are not able to attend the select list of universities that
offer quantum computing courses, and accessible to students at
varying skill levels. The professionals entering the workforce
are coming from different backgrounds, such as metallurgy,
biology, organic chemistry, molecular biology, and refriger-
ation (quantum computers need refrigeration to -15 degrees
Millikelvin), as well as cryptography. These different source
backgrounds mean all of these potential workers do not have
the same prerequisites as a PhD in Physics, Mathematics, or
Computer Science.

Massive Open Online Courses (MOOCs) have been offered
as a solution to quickly and economically train knowledge
workers, however, many have not lived up to expectations.

2



The notable exception is the Khan Academy, a non-profit
established by Salman “Sal” Khan [17]. Khan Academy offers
MOOCs primarily in mathematics and science and the courses
use animated visuals, points and badges for gamification [18].
In 2004, Khan began tutoring his cousin, Nadia, in linear
algebra over the internet, and in 2006 he moved his tutorials
to YouTube, Khan quit his job as a financial analyst in late
2009 to fully develop his YouTube channel, Khan Academy. In
2021, Khan Academy’s videos on YouTube had been viewed
over 1.8 billion times. Khan’s initial motive was that by
supplementing traditional classroom education with his videos,
he could improve the effectiveness of teachers by freeing
them from traditional lectures and giving them more time
for instruction specific to individual student needs, an idea he
called the “flipped classroom” [19]. This idea has developed
over time as teachers found that students use the video
instruction differently than expected and work to understand
what the student emotional experience is as they use the Khan
Academy MOOCs [20], and schools who use MOOCs at scale
struggle to find measurements that are effective at monitoring
and improving the courses taught in this way. [21]

The MOOC proposed here aims to disseminate quantum
computing knowledge in a way that is equitable worldwide
to all scientist researchers who could benefit from this new
technology. It is low cost and universally accessible. In order to
account for a wide range of incoming skill levels, knowledge
inventories built into the course can allow for prerequisites
integrated into modules to appear only when necessary to the
student.

However, while setting up lessons, it is necessary to keep in
mind the achievement gap seen in underrepresented minority
students in Science, Technology, Engineering and Mathematics
(STEM), and consider appropriate remedial methods to con-
figure into the structure of the course. Such methods include
integrating value affirmations tasks into the course material.

Value affirmations has been used as a means to assist
vulnerable persons in scenarios where they may experience
low self-regard, often in the case where they are a minority
group or otherwise discriminated against. The use of value
affirmations in the classroom has been researched since the
1990s, and has been of particular focus since the late 2000s
[22]. Research has by and large found that the application
of this method — often delivered to students in the form of
short worksheets to complete either in class or as homework
— positively impacts minority students to the point of class
grades and overall grade point averages seeing a marked
increase by the end of the course and overall academic career
[6] [7] [10] [9].

The proposed quantum computing MOOC includes three
interventions to be placed before scaffolding ideas become
a significant challenge; here, scaffolding ideas refers to the
necessary base concepts needed to advance in a subject, that
are then shed due to disuse once they are replaced with more
complex ideas.

The following diagram shows a hypothesized user journey
of our computer science student, Lauren, as she steps into the

field of quantum computing. There are three initial points of
values affirmation intervention writing exercises, chosen from
the literature review examples, and these can be adjusted and
changed until the optimum has been reached, with successive
iterations of the course.

In the figure above, there are three points, marked in red,
because they are a warning of possible negative consequences,
of intervention during the stages of the student user experience
journey: the first during “Research and learn,” the second
during “Reach out and learn with others,” and the last during
“Make a difference.”

A. The First Value Intervention

The first point in this model is addressed by using the
Paselk values affirmation activity created by Richard Paselk,
Professor of Chemistry at Humboldt State University, which
was a variation of the prompts used by Dr Geoffrey Co-
hen (Stanford University) and Akira Miyake (University of
Colorado). It has been used for the past eighteen years [6]
[12]. The worksheet activity needs to be delivered on the first
session. This values intervention activity does not threaten the
student, who is unaware of why it is used. It simply asks
the student to write answers to a few questions about what is
important to them, in order for the instructor to know more
about them. The first question is for the student to select
two or three values from a list on the page and circle the
ones most important to them. These values are: creativity,
community/relationships with family and friends, political
views, independence, learning and gaining knowledge, money,
wealth or status, your social/cultural/racial identity, honesty or
integrity, helping society, achievement in athletics, education,
or career, connection with nature/the environment, athleticism,
fitness, spirituality or religion, sense of humor/having fun,
other). To then enrich with pleasant feelings the self-identity
they have in their minds about those values, the students write
further about how those values are being expressed in their
lives, and when and where that is the case.

The first value intervention is needed before the Lauren
user story starts to try her hand at programming the quantum
computer, as self-doubt can creep in when faced with needing
to understand matrix multiplication. This topic is found in
several different educational paths, usually in linear algebra.
However, the likelihood is high that Lauren has never seen
matrix multiplication before. Intervening before being faced
with the task of a new subject places a barrier between the
student’s self-confidence and the difficulties of the new topic
in the course, effectively shielding them from self-doubt when
they struggle or fail.

B. Second Value Intervention

A risk opens up when the student goes from individual,
solo-learning experience and starts to join online communities
of learning while querying to find answers and better expla-
nations. The self can draw on a variety of defense thoughts
to alleviate the discomfort of the new topics, including the
desire to quit [23]. The MOOC has an advantage of allowing
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Fig. 1. User Experience Journey and Placement of Interventions

anonymity, however, anonymity could reduce the cost of drop-
ping out to the student who feels threatened. Self-confidence
can help at this point to reduce fear. At this point in the course
of instruction, completing another values affirmation activity
strengthens confidence, has no negative consequences, and has
been shown to be able to interrupt a negative trend [24].

Here we are using sentence completion exercises:

• A role model in my life that I admire is... because...
• My favorite way to celebrate achievement is to... be-

cause...
• An activity that brings me joy and energy is... because...

In teaching quantum computing, it is essential to be able to
do matrix multiplication in order to understand the quivering
energy of a quantum bit (qubit). Quantum computing uses
subatomic bits of energy or photons to make circuits used for
calculations. Not all calculations conducted by the quantum
computer are visible, so to predict the outcomes correctly,
linear algebra formulas and symbols are used to design the
computing program.

When a student starts working on Khan’s course, Khan
draws the observer in with warmth, and the learner self-
identifies within a few minutes with the hundreds of millions
of viewers, starting with his niece Nadia, who have found
his MOOC helpful to learning linear algebra, and the matrix
multiplication that is a part of it. In the matrix multiplication
of Quantum computing, there is a difference: it is easier. Quan-
tum computing, being a computing science, only uses zeros
and ones, (binary numbers) and as it is a probabilistic science:
all qubits inside of a quantum computer are only capable of
having infinite values between zero and one. When the qubit,
after it has been manipulated through its quantum mechanical
circuits to make its program calculations, is measured at the
end, it collapses into either ground state (0) or active state (1),
and its value reduces to either 0 or 1. This new operational
value is used for the next step of the computation.

C. Third Value Intervention

The student needs at this point in their experience to
start contributing to the emergent field, so that feeling of
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being valued will strengthen their resilience and keep them
searching for solutions to give to their professional project
team members who need them to accomplish their goals with
the new computers, quantum computers. To be valued, they
must believe it internally first.

At this point in the course, the values that our research
model will have the students select and write about, are similar
to the beginning of the course values affirmation worksheet.
However, the values change, as the students are themselves
evolving to greater mastery of the subject, to those values
that are about placing the greater good above the self. The
contributions of this new type of computer will be significant
for all of mankind, and reminding the students of this will
help them as they transition into graduates of the course with
command of their new subject.

Once this scaffolding idea, matrix multiplication, is solidly
understood, the resulting circuits that are built with patterns
of zeros and ones become easy visualizations, and the student
finds it possible to understand the shorthand symbols in the
math equations that are given to them, that are written by
other professionals, the engineers, mathematicians, chemists,
and physicists, who need their quantum computing skills
so urgently, and with that understanding, write programs of
computer code that run successfully on quantum computers.

These interventions of values affirmations using writing
exercises reduce defensiveness, not only because they im-
prove confidence and self-integrity (such as self-worth or self-
image), but also because they use self-transcendence. This is
a powerful antidote to the fear of not belonging [25] to the
set of successful members of STEM.

III. RESULTS

In the research here is the model that results from this
study’s survey of the literature, and does yet document the
results of putting it in practice with teaching tough emergent
technologies such as quantum computing at scale, quantifying
the scores, and seeing the results in the grades of minorities as
compared to the grades of the traditionally majority students.
However, the case is strong, as many published research efforts
document the success of using these simple interventions. We
have at present only our aspirational goals, the plan and the
strategy that we are implementing in the next iteration of our
MOOC design. However, we are so excited about our initial
findings from our survey of the literature that we wanted
to share it with the larger community of STEM educators
immediately.
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