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ABSTRACT Although Science, Technology, Engineering, and Mathematics (STEM) are essential for the
development of society, men hugely outnumber women in the majority of STEM fields in higher education,
a factor that hinders inclusion and restricts the possibility of having different points-of-view. Previous
studies indicate multiple causes of low female motivation in STEM degrees and careers, which inspired
several initiatives to increase female interest in STEM. A proven way to captivate an audience to change
its attitude is the heroic narrative model, a style of narrative in which a character goes through a sequence
of difficulty-increasing and attitude-shaping quests. This paper proposes a heroic narrative model named
Heroine’s Learning Journey (HLJ) targeted at counteracting low female participation in STEM courses.
In particular, the HLJ model is developed especially for enhancing STEM online courses, by using a narrative
that can encourage female students to engage and prevail in them. The HLJ model is divided into three
acts, each composed of several stages symbolizing steps tailored to a female student’s development. The
model was applied to set up the structure of a preexisting Machine Learning online course with hundreds of
enrolled students. Although a first version of the course already presented a higher-than-expected female
enrollment per se (=~ 37.3%), with HLJ, we verified an even higher female enrollment (= 59.2%),
slightly surpassing male enrollments. The feedback provided in learners’ responses to a final, voluntary and
anonymous questionnaire, allowed to obtain the degree of satisfaction of participants at the end of the course
with the HLJ. The responses indicated that, at the end of the second edition of the online course, students
were able to acknowledge the existence of a STEM gender imbalance, and appreciated the motivating nature
of the HLJ model. From several student’s feedback and comments submitted in the questionnaire, one can
conclude that the attitude-shaping character of the HLJ was greatly appreciated, in addition to the technical
content of the course. All these preliminary results are indicative of the usability of HLJ to foster gender
balance in STEM online courses. Thus, the present study contributes to STEM Education by leveraging the
motivation of young women to enter and prevail in these areas of study.

INDEX TERMS Narrative, gender equality, motivation, STEM.

I. INTRODUCTION
The associate editor coordinating the review of this manuscript and Nowadays, even though STEM (Science, Technology, Engi-
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© 2024 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.
VOLUME 12, 2024 For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/ 20103


https://orcid.org/0000-0002-0633-3290
https://orcid.org/0000-0001-8374-5064
https://orcid.org/0000-0001-5252-2861
https://orcid.org/0000-0003-3975-9076
https://orcid.org/0000-0002-6662-9771
https://orcid.org/0000-0002-5370-1893
https://orcid.org/0000-0002-9304-957X
https://orcid.org/0000-0002-1653-1821
https://orcid.org/0000-0002-9652-6415

IEEE Access

L. F. C. Costa et al.: Heroine's Learning Journey: Motivating Women in STEM Online Courses

the technological development of society, it still faces a
deficit of female participation, which we believe jeopardizes
a culture of inclusion where diverse points of view are
taken into account. Achieving gender balance in STEM
education and careers is therefore an important aspect to
guarantee a brighter future of human society at large [1].
Research suggests that this trend may be caused by several
factors before and upon female enrollment in Engineering
and Science degrees, such as a lack of knowledge what an
Engineering career is about, a lack of self-confidence on their
abilities to work in STEM, the invisibility of female role
models, and societal gender stereotypes about intellectual
(Mathematics) ability [2]. The present work aims to foster
female enrollments and active female participation in STEM
education by introducing the Heroine’s Learning Journey
(HLJ), a model applied to enhance (online) courses based on
the premise that heroic journeys [3], [4], [5] can encourage
female students to engage in STEM education. The choice
of applying the HLJ to STEM online courses, notably
STEM MOOCs (Massive Open Online Courses), is a natural
consequence of the Fostering Women to STEM MOOCs
(FOSTWOM) Erasmus+ project [6], in which some of the
authors were involved [7].

A major goal of the HLJ is to support young female
students, aged between 15 and 21 years old, an important
age range for taking career decisions, in having a positive
experience while enrolled in a STEM MOOC. That is,
to ensure the possibility of young girls to boost their self-
esteem and confidence to work in STEM, being motivated to
pursue STEM studies and/or a STEM career, while improving
their skills on mathematics, programming and/or engineering
modeling [8], [9].

Another contribution of this work, complementary to the
HLJ, is the development of Heroine’s Learning System
(HeLaS), a web application developed to integrate the
model into an existing learning support system. HeLaS
allowed us to test the applicability and relevance of the
HLJ when integrated with a preexisting Machine Learning
online course, targeted to an audience mainly of Brazilian and
Portuguese young students.

Overall, this document is laid out as follows: we start by
reviewing the challenges regarding female participation in
STEM courses, as well as several initiatives that can help
to mitigate this imbalance (section II); next, we describe
different versions of heroic narratives, and how these can
be translated to a student’s learning journey (section III);
afterwards, we demonstrate our model named Heroine’s
Learning Journey (HLJ), describing its strategy, the roles
involved, and its narrative (section IV); finally, we present
and discuss the application of HLJ to an online course through
HeLaS, extracting some insights to improve the model and to
guide future research directions (sections V, VII and VIII).

Il. WOMEN PARTICIPATION IN STEM
Gender inequality in society, and particularly in education,
is not a new phenomenon, and steps to mitigate it are still
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being taken. In fact, gender equality and women empower-
ment constitutes the fifth of the United Nations Sustainable
Development Goals (SDG), being described as transversal to
all of the other goals, including “Quality Education™ [10].
Regulations are still needed to avoid discrimination based on
sex or gender, e.g. Brazil and Portugal recognized the need for
regulation by including specific gender equality provisions
in their constitutions [11], [12]. Although many countries
implement gender-equality measures, some imbalances are
still verified, e.g. a majority of younger women have a tertiary
degree [13], a trend which delays women’s participation in
STEM fields.

A. THE CURRENT STATE OF FEMALE PARTICIPATION IN
STEM COURSES
Women are underrepresented in STEM higher education
degrees. According to UNESCO, they represent only 35%
of all students enrolled in STEM-related fields of study [14],
even though this percentage varies greatly from country to
country [13], [15]. Among undergraduate STEM students,
young women are much less likely than their male counter-
parts to state that they are interested in pursuing a graduation
or a career in STEM [16], [17], [18], [19]. However,
O’Dea et al. argue that, in average, women outperform men in
STEM, although by a smaller difference than in non-STEM
areas, and also have more consistent grades. Even so, they
have less representation among top-performing students [20].
Engineering is often a challenging undergraduate degree
program. As a result of different cultural, educational,
and technological issues, such as curricular overload, time
disputes with leisure activities, personal insecurity, lack
of self-confidence and traditional teacher-centered learning
methods, its undergraduates face difficulties both to enter
university and in finishing their bachelor degrees [21], [22],
[23]. Particularly, the same research shows that female
students face an exacerbation of these challenges while
pursuing an Engineering degree. This factor is associated
to the Research Agenda for Engineering Education [24],
where one can find the concern to achieve and sustain a
diverse engineering community. Even so, these challenges
are not exclusive to Engineering education, being broadly
perceived in most areas of STEM [14]. This fact motivates
many researchers and organizations to try to understand the
reasons and possible solutions to balance female participation
in STEM degree programs [14], [25], [26], [27], [28].

B. CAUSES OF LOW FEMALE PARTICIPATION IN STEM
AREAS

Both qualitative [21], [22] and quantitative [14], [15], [27],
[29] studies have shown strong evidence that stereotypes
and lack of confidence can negatively influence female
experience and academic gains while participating in STEM
areas. Most studies on this matter focus on K-12 educa-
tion [17], [30] and undergraduate degrees [15], [23], however
some also identify the same negative influence in career
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development [19], [31], [32], as well as graduate degree
programs [33]. In fact, Blackburn [2] made a thematic review
on this subject, finding several aspects that hinder successful
females’ degree completion and career entry, e.g. stereotypes,
biases, chilly campus cultures, and unsteady identities [2].

Being held back by discrimination, biases, social norms
and expectations that sometimes influence the quality of edu-
cation they receive, young women are negatively influenced
to choose and prevail in STEM higher education. Saujani [34]
defends that men are stimulated to be courageous and face any
challenge, while women are taught to avoid risks and failures,
seeking perfection. According to the author, the consequent
low level of courage (or self-confidence) is one of the reasons
why women are underrepresented in STEM. One example of
this behavior is described by Mohr [35]: “Men apply for a
job if they meet just over half of the qualifications, while
women will only apply if they meet all qualifications”. Even
so, Saujani [36] proposes that “When girls are taught to be
brave, and have access to a support network, they become
braver” [36]. In fact, the factors explained above can be
coupled to a lack of clarity about what STEM represents
and how to benefit from academic support, professors and
colleagues in the field [22], [37]. This is corroborated by
Cruz and Kellam [37] who have compared the experience
of 21 undergraduate students, 14 male and 7 female, about
their contact with Engineering, and identified the presence
of erroneous ““conflicting interests,” which can be attributed
to misinformation or to poor knowledge. For instance, one
of the interviewed female students said that she almost
sought journalism because of her need to be creative; and
another one, also female, believed that engineering would
not provide her the creative outlet she needed. Meiksins
and colleagues [38] also point out that a better balance is
needed between academic research and practical engineering
research, for instance by the provision of more friendly
workplaces for studying and working.

In our opinion, comments like these may suggest that,
in general, the social and creative aspects in engineering
projects may still be under-disseminated, which may in turn
lead to a misinterpretation of what the STEM fields are about,
and have a particularly negative effect on female motivation.

Another factor suggested to have a negative impact in
female motivation towards STEM is the lack of their expo-
sition to female role models [39]. For instance, Chen et al.
verified that the early high school teacher’s gender and
their gender matching with students positively influenced
the science identity of students in some STEM fields (that
students thought of themselves as related to science), a factor
which was particularly relevant for female students [40].
In fact, additional research argues that the inclusion of role
models in the form of successful teachers and tutors [41] is
able to bolster female academic performance and persistence
in STEM degrees. Other factors suggested to positively relate
to the development of student STEM identity include early
(elementary school) teacher encouragement in STEM and
having positive K-4 science experiences [42]. Upon this

VOLUME 12, 2024

reflection, even though we identified a plethora of possible
causes for low female participation in STEM degrees, one
aspect still lacks exploration: How can this effect be mitigated
to help proliferate a more inclusive and diverse culture among
STEM students? We will focus in finding some answers in the
next section.

C. INITIATIVES THAT SEEK TO INCREASE FEMALE
INTEREST IN STEM

To help understand how to increase STEM female partici-
pation, we will draw from gender-balance initiatives [43],
some of them triggered by the interest of higher education
institutions in increasing the number of female students and
raising their retention rates in STEM degrees [22]. Multiple
different initiatives foster the participation of girls and women
in the areas of STEM [44], [45], notably in Brazil [46]. Some
examples of these initiatives include International Gender
Champions [47] and PyLadies [48]. One way of reaching a
broad audience is through media or STEM-oriented products.
For instance, Cohen et al. demonstrated that K-4 elementary
school students experience with STEM-related toys/kits,
TV programs/movies, or computer/video games, translates
to STEM identity capital, i.e. a positive effect on STEM
identity is present longitudinally, from elementary school
to early college [42]. Even so, the authors also verified
that female students were less involved in three of the
five positive predictors of STEM identity (playing STEM
computer/video games, using STEM toys/kits, and watching
STEM-related TV programs or movies), thus inherently
having a decreased chance for identity construction and
subsequent persistence in STEM. Nonetheless, the awareness
of how media can motivate females towards STEM led
many recent works to acknowledge the role of women
in STEM, sometimes using widely known profiles like
Marie Curie and Lady Ada Lovelace, and other times less
known female personalities with important contributions to
Science, Engineering and/or Mathematics [49], [50], [51].
One relatively recent example of dissemination of the positive
work done by female African-American mathematicians and
engineers at NASA with worldwide repercussion, is the
movie Hidden Figures [52], loosely based on the non-fiction
book with the same name [53].

The gender-balance initiative was also leveraged by the
STEM and Gender Advancement (SAGA) project to “‘support
gender equality in Science, Technology and Innovation
(STD)” [54]. This project has published The SAGA Science,
Technology and Innovation Gender Objectives (STI GOL),
from which the first is to “Change perceptions, attitudes,
behaviours, social norms and stereotypes toward women
in STEM society” and the seventh is to ‘“Promote gender
equality in science and technology-based entrepreneurship
and innovation activities” [55]. Another initiative is the
Athena Swan Charter, which aims “‘to support and transform
gender equality within higher education and research”
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through the creation of guides that can provide knowledge
about the demographic diversity of a population [56].

The FOSTWOM (2019-2022) Erasmus+ project, has
provided guidelines to use the open and innovative format
of MOOCs to produce more inclusive STEM educational
content. Within the scope of FOSTWOM, two MOOCs for
undergraduate and graduate students in STEM were cre-
ated [6], [7]. One of these MOOCs, the “Machine Learning,
Maths and Ethics: Hands-on” that provides academic content
free of gender stereotypes about intellectual ability, will be
analyzed in more detail in the section V-A. It is important
to notice that females usually comprised circa 20% of active
enrollments and had a completion rate 30% lower than their
male peers in STEM MOOCs [57].

Based on primary data (survey inquiring the registration of
an initiative) and secondary data (authors’ search), Costa et al.
investigated current initiatives to promote gender equality in
STEM education in Brazil, comparing them with initiatives
found in other countries [25]. After analyzing whether these
initiatives aligned to the Brazilians’ gender equality needs,
30 were identified, and found to be contributing in some way
to the aforementioned objectives of SAGA. In fact, almost all
of them support some type of STEM training for women, and
involve the creation and promotion of technological centers
and centers of excellence or communities, although only two
ultimately offer scholarships to leverage female participation.
This study is particularly relevant for the present research,
given that we will focus the application of our model in a
MOOC adapted for reaching a young Brazilian audience.

Overall, referring to the challenges for female participation
in STEM degrees, we can conclude that: (i) there is a
considerable difference in the participation of female and
male students in STEM,; (ii) there is a large body of evidence
about specific factors that may diminish women participation
in STEM, which often relate to or originate in a lack of
motivation for entering or continuing the STEM studies; and
(iii) this difference is recognized by the society, which aims
to reduce it through a myriad of initiatives.

Ill. FOSTERING MOTIVATION
Because of the revealed importance of woman motivation
in their choice and participation in STEM, in this section,
we review the role of motivation in the education process, and
in particular, how the Self-Determination Theory (SDT) can
be important to encourage the progress of students’ skills.
According to Deci and Ryan [58], the motivation construct
can be divided into extrinsic and intrinsic motivation, whether
the drive an individual has to behave in a certain way is
based on external sources as rewards, or comes from within
the individual, i.e. their core values, interests, or personal
sense of morality [58]. Ryan and Deci further introduced
the SDT [59], which defends that, intrinsic motivation may
arise from the satisfaction of three basic needs: competence,
autonomy, and relatedness [59]. Some authors defend the
importance of goals and their positive relationship with
student performance within the context of education [60],
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[61], [62], [63]. Research suggests that intrinsic motivation
is the most important form of motivation in high school
performance [64], [65], with additional positive results in
higher education [66], [67], STEM higher education [68],
[69], and more specifically in STEM higher education for
young women [70], [71].

A. THE POWER OF A NARRATIVE

Several authors defend the flexibility and the power of a
narrative to convey information and share experience [72],
and in particular its value to improve learning [73], [74],
[75], [76]. Narratives consist in the representation of a story,
using events interconnected through time [77], [78]. Usually,
narratives tend to follow a structure targeted to display
different emotions and vary spectator tension throughout
the course of the story, making it more interesting. This
structure was conceptualized in ancient times, in Greece [79]
by the philosopher Aristotle, who proposed the division
of a narrative into three acts: Configuration, Conflict, and
Resolution [80], [81], a notion which has been studied
and refined over time. Recently, Digital Storytelling, i.e.
the use of media to tell a story through a narrative, has
become a powerful instructional tool for both students and
educators [72], [82], [83], [84]. A good story, told through
a motivating narrative and incorporating image, sounds, and
videos [83], [84], can hold individuals’ attention, notably
students, and take them on a journey, evoking emotions,
intentions, and ultimately provoking a transformation, and
even inspiring the choice of a professional path. Beyond
education, Madsen et al. [85] presented emerging narratives
based on game design theory as an application model in
the cultural area, allowing a discussion on how the criteria
of emerging narratives can support exploratory behavior for
their users [85].

The narratives of great personalities can transform our
way of thinking, making us reflect and acquire self-
determination [86]. Using the story of Emperor Hadrian
as an example, the author affirms that “our life stories’
narratives are related to our emotional state, our interpersonal
and social relationships.” In fact, there is evidence that
identification with a fictional character can lead to changes
in the beliefs, attitudes, and behavior of individuals [87].
Broom et al found evidence that “when people identify with
a story’s character, they are influenced to assume some of
his or her characteristics” [88]. They also found that the
more people are immersed in the narrative, the more they
tend to “become” the fictional character, using the part
of the brain responsible for thinking about themselves. For
example, many educators have reported that they felt inspired
by fictional characters, such as Robin Williams’ character
John Keating in “Dead Poets Society” [89], and that this
changed the way they view the educational process. Aligned
with our premises, several women reported being influenced
to pursue a career in the health area, due to the fictional role
model of Meredith Grey, played by actress Ellen Pompeo in
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the Grey’s Anatomy [90] television series. Another important
fictional female character who influenced women was Scully,
from the X-Files television series. A systematic study on
the influence of this last fictional character on girls and
women was labeled “the Scully Effect” [91]. This connects
to the already mentioned positive impact of female role
models in motivating women to follow a STEM career [92],
[93]. In particular, research suggests that reading biographies
of successful women in STEM fields improves women’s
perceptions about those fields [94] and also helps women
persist in STEM degrees [41]. In fact, implicit gender-STEM
associations can significantly impact women’s tendency to
pursue careers in STEM and how they value those fields,
regardless of their STEM identity [95], [96].

1) HEROIC JOURNEY NARRATIVES

Throughout history, several distinct narrative models have
focused on the self-improvement journey of a heroic
character [3], [5]. These models were based on analytical
psychology backgrounds, and present similar characteristics.
Even so, we find it relevant to broadly define how a
heroic journey narrative should be presented and structured,
as we felt the need for a general ontology on this regard.
In our opinion, a heroic journey is a style of narrative
in which a character, or a party, goes through a sequence
of quests, usually increasing in difficulty, which act as a
preparation for a final challenge, that can only be overcome
by those who are well-prepared. In doing so, through rules,
acts, stages and transformations, there is a motivational
change in the way of how the main character understands
the challenge. The aspiring Heroic character seeks self-
awareness, which includes recognition of their abilities, and
to face and overcome various obstacles in order to defeat the
final, epic challenge. Throughout their journey, the Heroic
character usually needs to rely on the assistance provided by
allies. After overcoming the final challenge, the character is
transformed by the experience and acquired learning while
completing the journey, and is prepared to help others in their
own journeys and transcendence.

One line of research that inspired the construction of
multiple narrative structures is Carl Jung’s characterization
of archetypes. His studies of archetypes took into account
the myths that occur “practically all over the earth” [97],
producing, among others, four important archetypes: the
Persona, that is the desirable image of ourselves to others that
functions as a mask, e.g. a teacher or student; the Shadow, i.e.
everything that we deny in ourselves and cast into oblivion,
for example dark thoughts and moods for which we feel guilt
and shame; the Anima or Animus, i.e. the archetype that
expresses the unconscious feminine side of a man (Anima) or
the unconscious masculine side of a woman (Animus); and
the Self, i.e. the archetype of wholeness, what Jung called
‘T, the most significant of all archetypes, which was derived
from models of people, and the behavior or personalities, e.g.
Ruler, Creator/Artist, Sage, Innocent, Explorer, Rebel, Hero,
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Wizard, Jester, Everyman, Lover, or Caregiver. In addition
to the examples above, we can also mention the Mentor
and the Ally as archetypes that can help the hero, as well
as the Great Mother/Mother/Feminine archetype [98], [99],
[100]. Inspired by this categorization, narratives structured
as journeys were built to influence and inspire different
audiences, e.g. the monomyth concept of the Hero’s Journey
by Joseph Campbell, described for the first time in his
book originally written in 1949, which has some subsequent
editions [3].

The Call of Adventure
VEMUTE Refusal of the Call

Act l:

1 The Crossing of the First
--._Departure
~ \

Threshold

Freedom to Live The Belly of the Whale

Hero’s
Journey |

Master of the Two Worlds The Road of Trials
Act lll:

The Crossing of the Return

Return Threshold

The Ultimate Boom

(a) Hero’s Journey by Campbell. Adapted from [3].

Separation from the Feminine

Integration of
Masculine and
Feminine

Identification with the Masculine
and Gathering of Allies

Healing the Wounded

Masculine Road of Trials: Meeting

Ogres and Dragons

o Heroine’s
Journey

6

Healing the Mother/

Finding the Boon of Success
Daughter Split

Urgent Yearning
to Reconnect to
the Feminine

Awakening to Feelings of
Spiritual Aridity: Death

Initiation and
Descent to Goddess

(b) Heroine’s Journey by Murdock. Adapted from [5].

FIGURE 1. Depiction of the Campbell (a) and Murdock (b) heroic
journeys.

Joseph Campbell proposed the notion of the Hero’s
Journey narrative [3], which was adapted by Vogler [4]
and broadly adopted by the movie industry. The Hero’s
Journey, notably Vogler’s adaptation [4], had a strong
influence on novel and script writers for many years [4],
[101]. Similar to Jung’s notion of archetypes and universal
mythology [99], Joseph Campbell defined the archetype of
the Hero, embodied in the myths and legends of many
cultures, from which Homer’s The Iliad is a classical
example [101]. The Hero’s Journey has three acts. It starts
with the Departure, goes through Initiation, and ends with
the Return [3]. These acts are further divided into 17 stages,
as depicted in Figure 1. The hero’s main motivation is not
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solely driven by external rewards or recognition but by an
inherent need to align their actions with their core values
and/or aspirations. The process of transforming the common
man into a hero, according to Campbell, is mainly based
on intrinsic motivation. Intrinsic motivation, which refers to
the internal drive and satisfaction derived from engaging in
an activity for its own sake, can be connected to the hero’s
journey in several ways. Firstly, the hero’s journey begins
with a call to adventure, where the protagonist is driven
by an inner desire or curiosity to embark on a challenging
quest. This initial motivation arises from within the hero,
highlighting the intrinsic nature of their motivation to explore,
learn, or achieve something meaningful. Secondly, as the
hero progresses through the stages of the journey, they
encounter numerous obstacles, setbacks, and trials. It is their
intrinsic motivation, their deep-rooted sense of purpose or
determination, that fuels their perseverance and resilience in
the face of adversity. The hero’s internal drive to overcome
challenges and achieve their goals serves as a powerful
intrinsic motivator throughout their journey. Furthermore, the
hero’s transformation is tied to their intrinsic motivation.
As they navigate through the journey and confront various
trials, the hero undergoes personal growth, self-discovery,
and development. This transformation is driven by their
intrinsic motivation to evolve, overcome limitations, and
fulfill their potential. Lastly, the hero’s journey involves the
pursuit of noble ideals or the fulfillment of a higher purpose.

The Hero’s Journey conceived by Campbell is defined
as an internal cyclical and spiritual journey for every
person: there is an initial reluctance to the challenge of
becoming a Hero, but such an endeavor culminates with
the final form of the character who must help the world:
Lord of two worlds. Even though Campbell [3] writes
that “The hero, therefore, is the man or woman who has
been able to battle past his personal and local historical
limitations...” [3, pg. 14] and Vogler [4] describe the hero
as a “person” [4, pg. 30], some considered his narratives to
be biased toward a male character [5]. In particular, Maureen
Murdock, a psychotherapist practitioner of Jungian analysis,
cites Campbell’s statement about the no need of a woman-
undertake journey: “Women don’t need to make the journey.
In the whole mythological tradition the women is there. All
she has to do is to realize that she’s the place that people are
trying to get to” [5].

We must take into account the fact that not only Campbell
studied old myths based in ancient culture gender roles,
but he also lived in a different era, and both of these
aspects reflect the style of narrative found on his book
“The Hero with a Thousand Faces” (1949). Back then, the
perceived roles of women in society was different, and as
such, in most of his studied myths, men and women played
more stereotypical roles. In stories based on Campbell’s
narrative, the hero goes through adversities such as physical
challenges to meet women who are either seen as pure (hero’s
consort) or as impure (temptation). Those roles can hardly be
gender reversed, i.e., a heroine tempted or allied with a male
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counterpart. These characteristics were the major reason that
motivated Maureen Murdock to create the Heroine’s Journey,
stating that “women do have a quest in this time in our
culture” [5]. Maureen Murdock created the Heroine’s Jour-
ney aiming to describe the experiences of women, supported
by her own experience and her conversations with other
women, including therapy patients. Her journey has a focus
on female spiritual development, aiming to heal what she
sees as the internal division between women in a patriarchal
society [5]. According to Murdock, the path of a Heroine is
a continuous cycle of Development, Growth and Learning,
divided into 10 stages (see Figure 1b). The Heroine’s Journey
follows the general structure of Campbell’s mythic journey.
Overall, the first part of the Heroine’s Journey is about her
power and mental transformation. It begins with the step
“Separation from the feminine” and an identification with
recognition and success based on patriarchal culture, which
will later make her experience spiritual death, and return to
the inner world with the intention of recovering the power
and the spirit of the sacred feminine [5]. The next step
is “Road of Trials” which concerns the development of
the ego. The second part is about the heroine’s outcomes.
According to Murdock [5], the heroine needs to work on self-
reflection tasks to individualize herself from her parents and
to establish her own identity in the outside world. During
this process of individualization, the heroine must overcome
feelings of emptiness, oppression and inner strangeness, until
a recognition of the union and the power of its dual nature
for the benefit of humanity. Although in her life story she
has helped many women to overcome their limitations and
feelings of low self-esteem, Murdock’s proposal [5] has some
limitations, in part due to the context in which she lived and
worked. Reading her book, one can see the notions of self-
help and female intuition, which can be quite controversial for
Science. Her vision of the world and the consequent creation
of the journey, may render less compatible with vulnerable
women, of other ages, race and different cultural experiences.
Subsequent publications, for example by Valerie Frankel and
Victoria Schmidt, underlined the fact that Heroine’s Journey
“has always existed in epic myths and legends, although it
has often been underestimated” [102], [103]. Currently, one
can find several other adaptations and discussions regarding
female journeys [104], [105], [106].

IV. HEROINE'S LEARNING JOURNEY

In the previous sections, we detailed how the heroic
journey narratives of Campbell and Murdock use stages
and challenges in order to transform the inner self of a
person. Even though these journeys have some aspects in
common, each of them presents different characteristics,
targeting a specific gender or age range, and reflecting the
personal, professional, and social influences experienced
by their creators. Inspired by the heroic journey idea, our
main goal is to design a heroic narrative targeted at young
female students in STEM, taking into account that learning
involves complex relationships with several stakeholders, like
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teachers, classmates, and academic staff. Thus, we were led
to attribute an important role to tutors and/or mentors in
the learning journey. Moreover, based on the findings of
the previous sections, we also deem that a female student’s
journey in STEM requires self-awareness and courage, not
only for acquiring some specific scientific knowledge, but
also for embracing an inner personal growth.

Learning Heroine’s World

_______

Becoming a STEM Heroine

9

\
» 01 . “.
eroine’s !
Act lll: Learning Journey |
[

/

;

Transforming Fear
Into Strength

Return

The Light of Knowledge

The STEM Badge The Meeting with Athena

The STEM Ordeal

FIGURE 2. Depiction of the Heroine's Learning Journey stages.

As such, in this work we propose the Heroine’s Learning
Journey (HLJ), a model that uses the power of narrative
to mitigate the internal struggles of female students in
STEM, while they try to overcome their own fears and
the challenges present in a STEM educational environment.
It follows the traditional three acts structure [107], and
encompasses twelve stages (see Figure 2). For each HLJ
stage, we define the corresponding Narrative, Mission,
Challenge, and Assistance (see Tables 1 to 3).

The model targets young female students, aged between
15 and 21 years old, wondering about their study and career
options. We aim to motivate them to actively participate
in STEM courses and to dedicate themselves to a career
in STEM. This is done by incrementally fostering new
skills and knowledge, while presenting inspirational female
role models. Such role models are intended to grow self-
confidence and self-regulation in female students, through
the relatedness they may foster. Because of their wide
application as motivational tools in education, we endowed
our narrative with central conflict encounters with fictional
characters, within a background of mystery stories [108],
[109]. Multiple moments of feedback are also included to
strengthen the students’ level of confidence and improve their
motivation [59], [110], [111], [112]. The model was designed
with an epic setting in mind, in order to foster intrinsic
motivation [113].

We want to notice that despite the fact that the target group
of the HLJ model is young female students, we aimed to
apply it in an accessible and inclusive way through MOOCs,
or other open educational resources. Furthermore, even if
we have tried to clearly identify and adequately addressed
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specific needs of the target group, we hope that all those
whether because of their gender, sexuality, race, ability,
class or geographic location, experience unequal treatment or
biases in accessing and attending STEM education, can also
benefit from the model.

A. ROLES OF THE HEROINE'S LEARNING JOURNEY

The model HLJ divides its actors into different roles inspired
by the archetypes usually included in heroic narratives [3],
[5], [99]. The following roles are part of the Heroine’s
Learning Journey (see Figure 3):

o Learner is the protagonist of the story, and drives the
narrative (relates to Jung’s Self, Campbell’s Hero, and
Murdock’s Woman);

o Learner Heroine is a former Learner who became a
Heroine for having successfully completed the entire
journey on a previous execution of the course, and
returns as an ally in the current edition of the course
to help other students, directly interacting with new
Learners. If this is not possible, the Learner Heroine
can be substituted by supportive and motivational
messages attributed to fictional or real people (relates
to Campbell’s Lord of Two Worlds and Murdock’s
Spiritual Warrior);

o Tutor provides assistance and mentoring and is fully
dedicated to students on a given subject and/or on how
they can acquire new skills. The Tutor is selected at the
design phase, e.g. by one element of the staff of the
course (related to Jung’s and Campbell’s Mentor);

« Ally who is available to assist the Learner in different
moments of their journey. This role may be fulfilled by
a peer heroine on her own personal quest, experts in a
certain subject, a Learner Heroine, or other supportive
person. Allies are chosen by the Learner, whenever
needed or wanted during the journey (related to Jung’s
and Campbell’s Ally);

+ Mother Goddess is a fictional character that announces
the journey and sets the epic into motion. Can often
be replaced by an event, such as an invitation or
announcement (related to Jung’s and Murdock’s Great
Mother, and Campbell’s Herald);

o Athena is a fictional character that assists the Learner
in their journey. Provides fundamental knowledge for
the heroine’s success. Athena enters in stage 9: “The
Meeting with Athena” and is a representation of sharing
knowledge and a source of wisdom. All the information
that comes from this character is always reliable,
relevant, and from a direct source of knowledge in
the domain of study (related to Jung’s Feminine and
Campbell’s Goddess).

We understand that creating an antagonist character could
enrich the narrative, however it would have the side effect of
enabling undesirable associations with real life people, such
as a specific tutor. Therefore, there is no such character in the
HLJ narrative. Even so, Nature is used as a challenge in some
stages. Additionally, not all roles here proposed need to be
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FIGURE 3. The roles present in HLJ.

played by different people, or even by a human being. While
applying the learning journey to a given STEM online course,
it is possible that instead of a tutor we are able to deploy a
chat-bot to deliver the messages and answer the questions.
Virtual characters can also be added to the allies category.
People external to the course may also be invited to play the
role of allies. Those who are experts on the STEM subject of
the course, can participate in extra activities, create student
support groups, carrying out some practical or theoretical
activities.

Besides the aforementioned roles internal to the model, for
the implementation of HLJ, there is also the need of several
support staff individuals who are not part of the narrative, but
who create and manage a course where HLJ is applied. Those
parties are:

o Journey Designer who is responsible for supporting
tutors, for defining which roles will be played by
whom, as well as creating a course map, elaborating
rules, tutorials, and additional resources. Essentially, this
person is responsible for associating the topics of the
course with the stages and content of the HLJ;

o Teacher who is the content author of the course (e.g.
producing the videos, defining the course structure,
creating the assessment activities), and facilitates the
Journey Designer with information necessary for the
HLJ course integration. Eventually, the Teacher and
Journey Designer can be performed by the same person.

B. THE NARRATIVE OF THE HEROINE'S LEARNING
JOURNEY

The narrative of the Heroine’s Learning Journey is constituted
by 3 main acts, further divided into 12 stages (see Figure 2):

o Act I - Empowerment (Stages 1-5, see Table 1) In
the first act, the Learner must accept the change from
the common world: the current status of their beliefs;
to a new world, that will bring new knowledge and
life perspectives. Motivation strategies at this act aim to
increase confidence, and to transform fear into strength.
As a result of Act I, an empowered Learner should
surface;

o Act Il - Growth (Stages 6-10, see Table 2) The second
act consists in skill acquisition. If necessary, the Learner
must recognize and find allies to overcome different tests
and trials. During Act II, the Learner grows to a new
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and better version of themselves. If necessary, stages 4,
6, 8, and 9 can be repeated to allow for better course
organization, for example to support subtopics or longer
syllabus;

o Act III — Return (Stages 11 and 12, see Table 3)
The third act is characterized by the final change,
transformation, and recognition of Learners into true
Heroines, who will then help other Learners on their
own journeys. As a result of Act III, there is the
Heroine’s Return to assist other young women. Some
courses may choose not to use the student as a Learner
Heroine in a future edition. However, it is important to
include a moment in which the Learners can reflect on
their learning. For instance, stages 11 and 12 can be
implemented by requesting a learning report, in which
the learner contemplates what they learned, and what
happened throughout their journey.

After defining the acts and stages that constitute the
Heroine’s Learning Journey, a short video was produced for
each stage with a script reproducing the descriptions we
provided above. Using visually appealing language and an
audio speech with simple and inclusive phrases, these videos
are a relevant materialization of the model. In a workshop
held in the context of FOSTWOM project, we used the twelve
descriptive videos of the HLJ stages to obtain feedback from
12 scholars with experience in different STEM areas (see the
demographic profile of the participants, Table 4). For each
step, we asked the participants to rate, using a 5-point Likert
scale from “Completely Agree” to “Completely Disagree,”
the importance of the step to motivate a female audience:
“I believe this stage of the HLJ is important for motivating
young women to participate in a STEM course,” as well as
the need for improving such a stage: “I believe that this stage
of the HLJ needs to be improved to achieve the objective of
motivating women to participate in a STEM course.” At the
end, we also asked participants to rate, in the same scale, the
overall value of HLJ to motivate a female audience: ““I believe
that the HLJ, as a whole, has great potential to motivate
women to participate in a STEM course.” As suggested by the
responses (see Figure 4), the experts found all narrative steps
relevant for motivating a female audience, with most positive
points at steps 1, 5, and 12, a trend which was corroborated
by the ratings given to the last statement (M =~ 3.7, SD ~
0.78). The ratings given to the second statement revealed that
the scholars felt a need for improving some stages, mainly
stages 1, 2, 3, and 6.

As a means to justify the ratings, for each stage, we also
asked the participants to assess what they liked about the
particular stage (i.e. based on what was illustrated in-
video), as well as to describe some ideas they found could
improve that stage. Based on the responses, we perceived
that participants in the workshop liked the dynamics of the
videos and how they could relate to the content, e.g. about
stage 2: “I really like the video because it makes [me] believe
in myself and make me believe that I can [have] success as
well in a STEM field” and “It has good rhythm and timing
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and contains inspirational words,” and from stage 10: *“I like
to understand how the feeling of fear is a ‘normal feeling’:
it helps me to start reflecting on that feeling and on how to
overcome it.”’ Even so, multiple answers regarding aspects
to improve pointed the clarity of messages and learning path
(mainly in stages 1-4 and 12, e.g. in stages 1 and 2: “[I]
wish the video explained better her story,” in step 6: “I wish
the message was clearer. I had no clear understanding of
the message of this video...,” and in step 3: “I wish the
self knowledge path was clearer (examples, tools, ...)”"). The
latter comments were used to further develop the narrative of
HLJ, and its translation to the easily deployed video media.
In general, the positive feedback given by these experts
reflected the practical value of our narrative, by which we
continued to believe in its application in a practical scenario,
an aspect that will be approached in the next section.

i i

1- [ [ o0 1

1234567 89101112
HLJ Stage

Importance
D

Improv. Need

1234567 89101112
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FIGURE 4. Expert feedback on each HLJ stage.

V. USING HLJ IN PRACTICE WITH HELAS: THE
HEROINE'S LEARNING SYSTEM

To easily apply HLJ in practice, we developed the Heroine’s
Learning System (HeLaS) (the acronym HeLaS sounds
similar to ‘“‘elas,” the plural of ‘“she” in Portuguese).
HeLaS is a web application that allows teachers, tutors,
or educational staff (playing the role of Journey designer),
to set up the materials of a preexisting (online) course aligned
with the HLJ model. In specific, HeLaS provides a way to
create an enhanced version of a preexisting online course
that follows the stages of the HLJ model, by merging the
information displayed by the LSS with display elements
provided by HeLaS. A diagram of HeLaS, including all of
its modules, can be seen in Figure 5.

HeLaS encompasses two main structures: (i) the back-end
which allows access to the business logic models using a
REST API; and (ii) the front-end, consisting of HTML pages
that interact with the back-end via a REST API.

The front-end includes several views that guide the user
interaction through different steps, depicted as arrows in
Figure 5. These views consist of pages built using the Ionic
Framework [114] and PrimeNG [115]. Firstly, the users land
on the applications’ homepage [ 116]; next they are directed to
a login screen where they can register or enter the application
using their credentials. They can then use management pages
to supervise and change some elements to be displayed by the
LSS, throughout the course. These elements are aimed to be
integrated in the screens already provided by the LSS.

E]
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The back-end, implemented using the Supabase ser-
vice [117], includes and exposes the data related to the
business logic. An entity-relation scheme of the application
data models is also included in Figure 5, in the Back—-End
module. The Profile entity, that contains user data,
is related to one Course entity, that characterizes the
purpose of the course. The Course entity deploys one
or multiple Interaction entities, which represent the
different page elements that can be integrated in the LSS.
Both the Course and Interaction entities relate to
a Journeys entity, that exposes information about the
different stages of HLJ, through a Framework associative
entity, that is also responsible for providing information about
the Supabase inner models.

The set-up of an HLJ-integrated course using HeLa$S, can
be performed by a Teacher or a Journey Designer, as laid out
by the following procedure:

1) Check that the given (online) course verifies the
necessary prerequisites to be associated with the
journey;

2) Insert the entire structure of the (online) course into
the web application, i.e. register all the videos and
texts, quizzes, assessment activities, or other structured
information present in the course, preferable grouped
by topics;

3) Use the HLJ web application to generate a report that
associates the entire course structure with the twelve
stages of the Heroine’s Learning Journey. In this report,
each stage of the journey, along with its Narrative,
Mission, Challenge, and Assistance, will correspond to
the course topics and activities inserted in the previous
step;

4) Perform tests to validate all configurations, and open
the (online) course to the public.

Note that a content sheet for interpretation, better learner
orientation, and motivation for each of the twelve HLJ stages
was created to support this process. In general, on each
content sheet, one can find the descriptions of the Narrative,
Mission, Challenge, and Assistance associated to the given
stage, as well as the link of the video created to support that
stage [118].

A. THE CASE STUDY

To test the potential of the HLJ in improving female
motivation for STEM, we used HeLaS for integrating the HLJ
into the online course: “Machine Learning, Maths and Ethics:
Hands-on,” launched for the first time on the MOOC Técnico
platform (the customized Open edX platform of Instituto
Superior Técnico) at the end of 2021 [119].

The goal of this online course is to be an introductory
hands-on MOOC on machine learning and programming.
Additionally, one can find content on the mathematical bases
of several algorithms explained from the scratch and ethical
discussions on several machine learning models. The self-
assessment activities, starting from practicing programming
in Python [120] within Google Colab [121] notebooks,
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followed by working with realistic data-sets, have the purpose
to demystify the complexity of the algorithms involved. The
content design and production of this online course follow
the guidelines of the Fostering Women to STEM MOOCs
(FOSTWOM) Erasmus+ project [122] for creating MOOCs
in STEM subjects under a gender balance and inclusive
perspective [6], [7]. In doing so, the MOOC has no special
prerequisites. It assumes only that participants have attended
secondary school. To participate in this online course there
is no need to have any previous programming experience.
Moreover, all the contents of the MOOC are free of charge,
completely online and will remain available to all enrolled
users after the end of the current edition, so that they can
revisit its content. The online course is composed of six
topics:

1) Welcome and introduction, which introduces what
machine learning is;
Learning from experience: Machine learning and
supervised learning, which presents the different
types of machine learning, and supervised learning in
more detail;
How we are going to work in supervised learning
models, which describes the standard process of
building predictive models, and demonstrates how to
program it in Python [120] within Google Colab [121];
Data preparation, data exploration and statistics,
that describes and exemplifies the first two steps of
the standard process: data preparation and data explo-
ration; and introduces some fundamental statistical
concepts needed to better understand machine learning.
There are two videos dedicated to each step of the
standard process: one video with a general explanation
of the main actions due in the corresponding step; and
one with a detailed explanation for a particular example

2)

3)

4)
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(Solved exercise) that illustrates the given step of the
standard process;

Training models, evaluating models and matrices,
that describes and exemplifies the next two steps of
the standard process: training models and evaluating
models; and that gives some introductory mathematical
explanations of how some of the algorithms work. Also
here one can find two dedicated videos per each step of
the standard process;

Ethical challenges of machine learning algorithms,
that brings awareness of the challenges of building fair

machine learning algorithms.
At the end of Topics 1 and 2 of the MOOC there are

graded Quizzes with multiple choice problems, check-
boxes, numerical input, etc. Then, in Topics 3 and 4,
there are two graded Quizzes that contribute equally to
the final grade. Participants with a final score equal or
greater than 60% receive a honor certificate of course
accomplishment.

In the second edition (2022) of the online course ‘““Machine
Learning, Maths and Ethics: Hands-on,” which occurred six
months later, an effort was made to translate every text, video
transcript, and assessment activities (which included Solved
exercises, Tutorials and Cookbooks), into Portuguese. This
was done to to facilitate access for young Brazilians. As such,
the MOOC could be followed in two languages: English and
Portuguese. This was the MOOC edition that integrated the
Heroine’s Learning Journey through HeLaS.

The dissemination of the first edition of the online course
(2021), which due to FOSTWOM project specifications had
all contents only in English, relied on University’s social
media channels. However, in the second course edition, the
one with HLJ (2022), the promotion was carried out through
both the University’s social media channels and the Heroic

)

6)
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Journeys’ project social media [116]. The dissemination
messages for the second edition of the MOOC with HLJ
included information from the first stage of HLJ, called
“Learning Heroine’s World.” Specific changes made to the
original structure of the online course involved the integration
of HLJ content sheets with the description, learner orientation
and motivation corresponding to each one of the twelve
stages of HLJ (see Tables 1 to 3). In general, a content sheet
includes the Narrative, Mission, Challenge, and Assistance
components, and a link to the short motivational video
produced for that given stage, as described in section IV.
Throughout the second edition, external resources were pro-
vided for supporting the journey, mainly for the Portuguese-
speaking Brazilian community. These extra course support
activities included a Discord [123] group for discussions, a
YouTube [118] channel for optional supplementary classes,
synchronous remote sessions by two dedicated tutors of
the course, and optional exercises. In particular, we wanted
to captivate young girls from Brazilian high-schools and
colleges, since the first contact (homepage explaining the
journey in advance), materializing the ideas expressed since
the first stage of HLJ.

Taking our model into account, as well as the objectives
and topics of the online course described above, we structured
the course in the following manner:

o Actl:

— Stage 1 — Learning Heroine’s world: The MOOC
tutors send an invitation message through social
media to invite (young) people to enroll in the
course;

— Stage 2 — Malala’s Call: The MOOC staff sends
a welcome message with a description of the main
course challenges, technologies/software involved,
proposed assessment activities;

— Stage 3 — External and Internal Aid: The MOOC
students are asked to complete a psychological
personality test [124];

— Stage 4 — Facing a Storm: The students watch the
videos and complete the activities of Topics 1 and
2;

— Stage 5 — Transforming fear into strength: The
students are provided with video interviews of
influential women in STEM and computer science.

o ActIl:

— Stage 6 — The Light of Knowledge: The students
watch the videos and complete the activities of
Topic 3;

— Stage 7 — The Meeting with Athena: Completion
of additional activities;

— Stage 8 — STEM Ordeal: The students watch the
videos and complete the activities of Topic 4;

— Stage 9 — The STEM Badge: The students watch
the videos and complete the activities of Topic 5;

— Stage 10 — Self-Regulated Learning: The students
are asked to submit a final report with their feedback
on the MOOC together with their HLJ experience.
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o ActIIl:

— Stage 11 — Reboot The System: A Discord server
is provided to allow further interactions, even after
course completion;

— Stage 12 — Becoming a STEM Heroine: The
participants who have earned the certificate are
invited to become mentors in the next edition of the
course.

During the execution of the course, the Discord channel
counted with the participation of 61 students and 2 tutors.
Through this optional resource provided by HLJ, it was
possible to exchange messages, ask questions to course
experts and tutors, as well as to access additional materials by
the students. On some occasions, it was possible to count with
the participation of invited experts in YouTube channel special
sessions; on other sessions, participants from the MOOC
presented their own data analysis.

A questionnaire written in Portuguese was prepared to
collect voluntary and anonymous feedback from students’
experience while completing the second edition of the
online course with the HLJ. This questionnaire was made
available online within the MOOC at stage 10 of the
Journey, addressing Self-Regulated Learning (SRL). The
questionnaire was composed of the following fields:

1) Socio-demographic questions about gender, age, coun-

try, level of education;

2) One multiple response question concerning the motive
behind the enrolment, allowing the following options:
Personal Interest; Professional Interest; Preparation
for University enrolment; Someone’s suggestion; Self-
improvement; and Curiosity;

3) One multiple response question asking how partici-
pants learnt about the course, allowing the following
options: Social Networks; Friends; Work Colleagues;
Professors; Family; News; Through Search; or through
institutional dissemination of the MOOC;

4) Several 5-point Likert scale questions, measuring:

a) How the students agree with the statement “I am
aware of gender inequalities in STEM fields”,
ranged between “Not at all (1) to “Alot (5)”’;

b) How the students assess the relevance of the HLJ
as a motivation to complete the course, ranged
between “A little (1)” to “A lot (5)’;

¢) How the students assess the relevance of the
framework of the HLJ, with its challenges and the
twelve stages, ranged between “A little (1) to “A
lot (5);

d) How the students assess the relevance of includ-
ing examples of female role models in the STEM
field, ranged between “A little (1) to “Alot(5)”’;

e) How the students assess the relevance of the
(dedicated) support provided by experts, allies,
and mentors, ranged between “‘It is not important
(1)” to “It is important (5)’;

f) How the students assess the relevance of addi-
tional activities offered by HLJ along their study,

20113



IEEE Access

L. F. C. Costa et al.: Heroine's Learning Journey: Motivating Women in STEM Online Courses

ranged between ‘It is not important (1) to “Itis
important (5)”.

5) Question asking if the students would recommend the

course to other people (with a yes or no answer option);

6) An open response box for feedback and additional

comments.
Gender
373%@ D P E Female
Male
Other
(a) Before HLJ (b) After HLJ

FIGURE 6. Gender distribution before (a) and after (b) the application of
HLJ.

1) IMPACT OF HU IN FEMALE ENROLMENTS

The first edition of the MOOC (2021) had 311 complete
enrollments (317 enrollments were registered in the platform,
but 6 cases were excluded from the dataset for having missing
fields). Given that the FOSTWOM online course was already
designed to captivate a young female audience, it is gratifying
to verify an unusually high amount of female participation
(~ 37.3%), when compared with the usual less than 20%
female enrollments in STEM MOOC:s [57]. Notice that from
all of the enrolled female subjects, approximately 23.3%
are in our target age range, from 15 to 21 years old (see
Figure 6 for the gender distribution, and Figure 7 for the
age distribution of female participants in both courses). From
the participants who filled in their nationalities (& 36.7% of
all participants), approximately 89.5% were Portuguese, 7%
were Brazilian, and 3.5% of the participants were from other
nationalities.

In the second edition with the HLJ, 368 people enrolled in
the course, from which we verified a predominance of female
enrollments (& 59.2%). This is the highest female enrollment
rate recorded for a course in MOOC Técnico platform. From
all females enrolled in the course, a considerable percentage
(r 46.3%) are in our target age range (15 to 21), and a
majority of them (= 57.8%) aged between 15 and 22. From
the participants who filled in their nationalities (& 28% of all
participants), approximately 81.6% were Portuguese, 13.6%
were Brazilian, and 4.9% of the participants were from other
nationalities.

The aforementioned results, gathered with all the students’
enrollment information, suggest that the dissemination stage
in the MOOC’s version with the HLJ effectively attracted
more female participants, notably in the target age range.
In the first edition of the MOOC (2021), 78 honour
certificates were obtained, and in the second edition with
the HLJ (2022), 67 honour certificates were obtained,
which represent circa 25.1% and 18.2% of the complete
enrollments, respectively. These completion rates surpass the
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FIGURE 7. Female students’ age distribution in the MOOC's first edition
(a) and second edition with the HL) embedding (b).

ones identified by Fu and colleagues for STEM MOOC
courses, which are on average below 10% [125].

2) STUDENTS' FEEDBACK ON THE STEM MOOC WITH HU
Even though the second version of the online course with the
HLJ integrated was attended by 367 participants, we were
able to gather only 65 responses to our optional final
questionnaire (45 females; 19 males; 1 student preferred not
to say). This can be explained by the fact that probably only
participants who completed all the course activities reached
the survey and were motivated enough to give their feedback.
According to those participants, the main reasons that led
them to enroll in the course (question 2) were ‘‘Profes-
sional Interest” (65.7%), ‘‘Personal Interest” (62.9%), and
“Curiosity” (45.7%), which corroborates the attractiveness
of our HLJ-enhanced STEM course, in particular to female
students in quest of a STEM career, and suggests that
our motivation-enhancing strategies worked as expected for
them.

Regarding how participants learned about the course
(question 3), the majority of respondents selected social
networks (53.8%). Teachers accounted for 24.6%, news
accounted for 12.3%, friends and family each accounted for
10.8%, and all the other invitational means encompassed only
1.5%.

Responses to question 4.a suggest that respondents
were/became aware of STEM gender inequalities (M ~ 4.48;
SD ~ 0.69), and in particular that the majority strongly
agreed that there is a perceived non-balance in these fields
(56.9% of the respondents indicated 5 in this scale).
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Responses to question 4.b suggest that HLJ was perceived
as an important overall strategy to motivate students (M =~
3.88; SD =~ 1.11) Besides, in response to question 4.c,
the participants also positively assessed the set-up of the
HLJ, with its challenges and twelve stages (M =~ 4.27;
SD ~ 1.09). Responses to question 4.d reflected a strong
perceived relevance of examples of female role models who
contributed to the development of STEM fields (M ~ 4.72;
SD = 0.55). The majority of respondents (75.4%) considered
that it is extremely important (gave an importance rating of
5) to have these female examples [41], [94].

The responses to question 4.e also allowed to verify the
perceived relevance of the HLJ supporting roles, encompass-
ing experts, allies and mentors (M =~ 4.41; SD =~ 0.96),
in encouraging and guiding students through their learning
journey. Furthermore, the responses to the question 4.f (M ~
4.23; SD ~ 1.02) led us to conclude that having additional
activities/support groups that are leveraged by resources, such
as a Discord server or YouTube channel, makes a difference
in the learning process.

Among all 65 respondents, only one would not recommend
the course to other people (question 5), further suggesting
that the design and content of the course, together with
the HLJ motivational strategies worked well for them.
Moreover, 15 respondents expressed a positive feedback in
the open comments field. In the box below, we point out
8 comments that reveal some interesting aspects highlighted
by participants about the second edition of the course.

Open comments on the 2" edition of the MOOC
(Translated From Portuguese)

“Thank you for offering this course with amazing
and free material.”
(Female, 20 years old, Brazilian)

“The entire course is very interesting and
differentiated, super complete because it includes
many things from different areas and with a great
opportunity to encourage women who are always
in the minority, so it motivates, notably us young
woman, with incredible opportunities such as this,
it was a super amazing experience from the classes to
the videos and everything, everything was amazing.”
(Female, 16 years old, Brazilian)

“I found [the course] very interesting, and if I have
more opportunities I will definitely recommend it to
other people. I loved everything from the videos to
the classes with [the tutor] Lari. Thank you for giving
us the opportunity to learn more about it and also for
encouraging girls like us in computer science.”
(Female, 17 years old, Brazilian)
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“The experience that the course provided was very
interesting, because in addition to relating to my
interest, information technology, it encouraged us
that no matter who we are, we should follow our
dreams, regardless of gender.”

(Female, 15 years old, Brazilian)

“I found the video lessons extremely well done,
with clear examples and sticking to the essentials,
leaving the detail for individual analysis in the
support materials. I would have liked to have
had classes with this level of quality in the vast
majority of courses at [the student’s institution].
My congratulations and huge thanks for what they
taught me and for the material they provided me
so that I can continue my learning outside of this
course. Although I am not female, I know that this
course is not intended to exclude me because of my
gender (although it was designed for women) but
to awaken me to the theme of gender equality and
encourage my contribution to it, as far as my reach.
Thanks again.”

(Male, 27 years old, Portugal)

“The course was very cool and I highly recommend
it.”
(Female, 16 years old, Brazilian)

“I loved the course, it was very important for me and
I learned a lot through the journey.”
(Female, 20 years old, Brazilian)

“Very good, it was an amazing experience.”
(Female, 15 years old, Brazilian)

VI. DISCUSSION

A major goal of the HLJ when applied to a STEM course
is to support young women in having a positive learning
experience. That is, to ensure that female students are
improving their technical skills on a given subject, but at the
same time guarantee that they are also able to boost their self-
esteem and confidence to work in STEM, being motivated to
pursue STEM studies and/or a STEM career [8], [9].

With such a goal in mind, we have applied the HLJ
model to a preexisting online course that constitutes a STEM
MOOC with a gender balance and inclusive perspectives by
design. We achieved an increase in total number of enrolled
female students in the second edition (2022) of such an
online course. Not only the number of young girls enrolled
in the HLJ-enhanced course has increased relatively to the
first edition (2021) (see Figure 7), but it also constitutes
the highest female enrollment rate recorded for a course
in MOOC Técnico platform [126]. This suggests that the
dissemination strategies we focused on: the University’s
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social media channels, as well as the Heroic Journeys’ project
social media (all carried out in Portugal and Brazil); were
successful, in particular the messages sent via the first stage
of HLJ: “Learning Heroine’s World.” At this initial stage,
course applicants are introduced to their journey and the
opportunity to face unknown challenges. The importance
of this first stage is significant, as it serves as the starting
point for the entire narrative, working to arouse curiosity and
interest, creating an emotional connection between the story
and the audience. Additionally, it aids in establishing clear
goals or the mission. The first stage of the HLJ is not only an
introduction to the story but also a fundamental element that
prompts action, generates interest, and lays the groundwork
for participating in the course. This stage extends an invitation
to the audience to embark on an educational journey in the
STEM fields.

In the narrative structure of the HLJ, some stages
have a strong motivational component, materialized through
information made available in content sheets and videos. For
instance, “External and Internal Aid” revolves around the
core concept of motivation, encouraging students to make
an effort to better understand themselves and questioning:
“Which topics cause you the most concern? What makes you
think/feel differently?”’. At the same time, in the third stage
of the HLJ: “External and Internal Aid,” students received
external support from content experts, mentors, and tutors,
that helped them to overcome technical difficulties. In our
opinion, several approaches can assist in student motivation,
ultimately facilitating female participation in STEM fields.
One of these approaches is Project-Based Learning (PjBL),
where students pursue solutions to non-trivial problems,
by asking and refining questions, debating ideas. All these
activities were present in the FOSTWOM MOOC, together
with analyzing datasets, making predictions, and drawing
conclusions [127].

The respondents of the MOOC final questionnaire indi-
cated that the additional resources provided by the HLJ,
together with the support provided through experts, allies
and mentors played an important role in their learning
process and promoted a stimulating environment along their
course experience. They found particularly important the
inclusion of female role models, as well as the additional
Discord and YouTube resources. Remarkably, their answers
corroborate the relevance of including role models as a
source of motivation for (female) students [92], [93], and
connect to the HLJ-included profiles of twelve STEM female
role models (and videos with women in STEM careers and
education interviews) by the fifth stage: “Transforming Fear
Into Strength.”

“STEM Ordeal” is the eighth HLJ stage, and it serves
as a reminder of the technical difficulties to overcome
in a STEM course. This includes, for instance, mastering
programming sufficiently to be able to work with databases
and/or understanding mathematical formulas and procedures
that follow the construction of machine learning algorithms
(Topic 4 of the MOOC). These activities require focus,
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concentration and a lot of tenacity to overcome mistakes
that happen frequently when working with code. After that,
in Topic 5 of the MOOC, the steps of training models and
evaluating models also require similar skills.

Finally, several comments submitted in the questionnaire
indicate that the dynamics of the HLJ model have shaped the
learners’ attitudes towards STEM learning. We can conclude
after this case study, that HLJ has the potential to provide
an interesting and different learning experience, addressing
issues of gender balance in STEM in ways that are motivating
for women and empathizing with many people.

VII. LIMITATIONS AND FUTURE WORK

Before launching the next initiative of a course integrating the
HLJ, we intend to address and implement the improvements
of some of the stages of HLJ that have been identified by
experts (see end of section IV-B: “The Narrative of the
Heroine’s Learning Journey ™).

This case study also made us reflect on the possible impact
of the HLJ on people who don’t identify themselves with
the female gender. We have tried to address the specific
needs of young women in STEM, but we hope that all those
who experience biases or lack of support in accessing and
attending STEM courses can also benefit from this model,
or its further developments.

Concerning the infrastructure (HeLaS), it is important to
mention that a comprehensive evaluation of its technological
functioning has not been conducted. Although the application
of HLJ to the given online course did not encounter technical
issues, no evaluations or research have been carried out
regarding its usage by other users and institutions. These
additional evaluations and research can provide information
to improve the infrastructure and ensure a more effective
implementation of HLJ in different (online) contexts.

We also plan to develop training materials for teachers and
educators interested in using the HLJ model. Additionally,
we will create new materials based on the gained experience,
including new versions of stage videos. These enhancements
and plans will enable new experiments and evaluations of the
ability of HLJ to motivate young women, while also exploring
the potential impact of HLJ on the overall participation of
people identifying themselves with other genders. Further-
more, we encourage the use of our infrastructure, HeLaS,
by other universities and educational institutions interested
in implementing similar approaches.

VIil. CONCLUSION

Even though STEM education leverages the technological
development of society, it still faces a deficit of female
participation, which we believe to difficult the proliferation of
a culture of inclusion, where diverse points of view are taken
into account. As such, in this paper we propose Heroine’s
Learning Journey, a narrative-based model that aims to
mitigate the lack of female participation in STEM. The model
is based on the established heroic journey narratives of Joseph
Campbell and Maureen Murdock. It aims to achieve its goal

VOLUME 12, 2024



IEEE Access

L. F. C. Costa et al.: Heroine's Learning Journey: Motivating Women in STEM Online Courses

"auruo J0 uosiad-ur oq ued
SMOIAIUI 3saY], ‘soruedwod IO SIBJUAD OIWIpedL

-auruo 1o uosiad
ur saruedwod JISIA 0}
PUE ‘SpIPY NHLS Ul
$112d X9 Y)IM SMITAID)
-ur / SOdPIA [YIJEM

Ljued 1 ‘sag ,, sordax
1oured] oy ‘suonedsijdde pue sjooy Surudisap 1o ‘eyep SuizA[eue
‘suone[nored Suruiojrad ‘Surpoos 1o [[1s [eroads ou sey ays Jey)
13 S[[9) QUOAWIOS UIYAN "SYSB) UoneIoqe[[od dyroads ur Juides

WOIJ SIAYOILISAI YIIM SMITAINUI JO SOIPIA ap1aoid 0) ‘suonsadsns pue | -uo Aq pue ‘Swinioj uo syudwwod Sunsod Aq 2010A 19y paured ysuang
‘suonsagsns pue sdn se yons “roddns [euroxe pue 'SaNNOYJIp Sutoo1oAo | sdip yim S)Xa) pue | Qys ‘sJIseq dy) Smouy dYS Juju0d NHLS Yy Surdedus ofiym | o pLER |
JUQUOD 9SIN0S 9pIA0Id SAI[Y puUe ‘SIOUOLQ], ‘SIOIN], | pue Qoudpyuodo-Jjos SJururer) | soopia 21o[dxo Of | 90uapyu0d-J[9s IOy pasearour A[qeqoid sey Joureo ay) ‘mou Ag Sururoysuely, S
*a8pajmouy Jo yoIeas
QU} UI SNOOJ pue 110JJo 9y} JOJ PIemdl e Se uonouny
0) pouSISap SI pue SNUOQ B Se PAppe SI AJANOR SIY],
JRUQYIY Uim Sunodw oy, . 98eis ur opeid 1oy
QSBAIOUL 0) SPASU AUS ASBI UT ‘QOUBYD BIIXd UB UOM "SONIATIOR
Jsnl sey oys Jey) Sunels ‘eudyly wWolj dFessow e 9smnod wioyred pue *SON[NOYJIP PASUS [eNIUL JIAY)
QAT [[IM JOUITBYT Y} :JUJUOD [EITJAIOAY} ) PIoN JuIUOd POJe[oI | QWIOOIDAO 0) JOPIO UT ‘JUUOD [BI139I0Y) dIow ur 9FeSus jsnw
-oe1d pue pIsIAQI pue ‘SOIPIA SY) [[B UIIS Sy JoUIed| oy10 SulyoIeds JIoj | JOUIed Oy, “OUIOIdY 9hI) B JO SNOOJ PUB JUSWIIWIWOD dY) [[e
QU SB UOOS SB SOQUOAIONUI BUAY)Y ‘JUUOD ISINOD 'SONNOYJIP [eo1Uyd9) Sur | Quojuod  pojudsaid | UM WLI0)S OU) QWODIIAO PUR 9IBJ [[BYS YS OS 4I0JJQ JoJeaid Jo
oTSeq IOYJ0 puE ‘S[enuewt ‘sjeriojn) ‘syseopod ‘SO9pIA | -w0dI9A0 pue ‘uoneunserooid | oyy  Sulpmis  J0J | owum oy) A[IIUYSP ST SIYJ, "o S Jourea| Jo 1red mou ore syuowr [AGIN
AU} 0) JouIed oY) 9s0odxo sion], IO SIOUORA], AU, | ‘UOISUS) ‘Own 991 SuiSeURN | QWD 9LOO[[E QI | -UOIIAUD [edI30[ouydd) pue (s)uropjed mou quauod Jurured] | e Sue] | ¢
“IouIe9 oY) 01 payudsald aq [[Im NHLS Ul S[opow
O[O0 Q[eUIYJ [BIOAQS A3e)S SIY) SWI0IIAO0 A[[NJSS2I0NS 0) JOPIO U]
‘suondoouoostw 9s9y) Jurdugreyo JoJ Wiy Y SI SIY) ‘I9pual
uo paseq suondafar Jo/pue SIOLLEq [eIM[ND JO oudLIadxa jsed
'S9SSAUBIM puB e oAey pue ‘Suruiojiad uoym s1oyio Aq pajeansiw Sureq Jo
syiSuans se [[om se ‘suonejdadxe pue ‘sIeej ‘soud preIje oIe sjuepns o[ewaf Jey) pajoadxo ST T JI ‘00UBISUI 10
-195o1d s rourea| Aynuapt 0) djoy ey suonsenb ‘3o ‘Kouanof ayy Sunmpuo 10§ papasu 1oddns [euorieanowr se [[om
‘syuapmys oy d[goxd 03 djoy Jeyy suonsenb ym 159} se ‘(SeI[y ‘Ioyoea], Ioiny) s}1odxo JUUOO JO OPIS AU} WOIJ PV [euroju]
Aymeuostod e oredord sor[y pue ‘s1oyoed], ‘sioinj, -98pa[mouy-Jjos uLmboy *159) oy} wiioyrad oF, | JIoured| oyl Jo d[oy Ul QALLIE 0] PIE [BUISIXO SWIOS JOJ WM STJ] | pue  [RUIdIXH ¢
-98essow owod
-[oM IO SUNQAW [ENMIA ‘MITAIUI OIPIA PIPIOII
Arsnoradxd © ur 10 ‘0smod oY) jo Kep IsIy oy} je *981109 oY) SuLp pasn 9q
9gAew ‘[RIUOWI)SA) IO MITAIUI UR FUIAIS ojedronted [11A T2y} S[00) pUE SAISO[OUYd) 3y} JO uoneudsald Jorq e pue
ued 303[qQns LS U2AIS ay) uo adxe uy :SAAY ‘Aue sasodoxd | suomen)is 9JI] [ea1 0) JuUUOD AY) jo suonedrdde ayy “Aouinol
"paAjoAur wres) 1oddns oy noqe pue ‘wexs ;03foxd 9SINOD AU} JT SONIAN | /9SINOD Ay} SULNP QWOOISA0 9q 0) pasoddns are jey) seSud[
[eUY PUB SANIANOR UOHIBN[BAQ AU} JUAUOD ISINOI ) -oe s1oyjo urojedion | -Teyd ayy Jussaid APoLiq pue ‘BIpaul JOYIO JO 1X9) ‘09PIA ‘OIpne
jnoqe uoneuedxa paqrelop e ‘ssecord Jurures] oyl -1ed pue ‘suononnsur | ysnoxy) ‘A[[eISIp 9ALLIE UBD 9FeSSOW SIYJ, "SII[[Y JO Iayoea],
Surmp pemof[oJ 9q 03 201ApE [e1ouasd oy} YIm oSes IMonns | Irm oSessow dwod | “IOIN], Y} WOIJ 9SeSSoW J[[OqUIAS PUB [RUOTJEATIOUI B SOATOOAT
-SOW QWIOJ[OM B PUQS SII[[Y Pue ‘s1oyoeq] ‘siojn], | Aowmol oy Sulpueisiopup | -[om oY) pedar o | Joured oy ‘Tesodoid oy pue juowoaiSe oy paydoooe Juiaey 18D S.ele[e]N z
*9pIS JOY UO e SPPO Y} Jey) SIAI[Oq
pue ‘109180 NHLS © Jo Auyiqissod oy} Jnoqe Jjosioy SIopuom
*SIOW0IMAU 0] 9FBSSIW [TBUID UOT) ‘Kourmnol oy Jo | 9ys dnoi3 [00d & Jo Jred oq 01 syjuem oys pue ‘SIS NHLS
-BJIAUI UB PUDS PUR ‘SHIOMIOU [BIO0S YINOIY) 9SIN0d S9[NI Ay puelsIopun | Joy oaoidwr 0) Spodu QUS "AINSI9] pue A[IWe) ‘S9IpNIS opnjoul pliom
NALS 9y ur papnjour Aouinof oy} 9JeurtuassIp soI pue  9sI0d oy} | Jey) SONIANOE A[IEp [BIOAdS UI POA[OAUI ST 9US "90UIPYUOD JO S, QUIOIOH
-[V Ppue ‘ssoppon) ISUIOJN OU} ‘SIoyoed], ‘sioing, “Koumnofl oy ur SureSuyg | ur [[o1us oI, | Yoe[ pue jqnop ‘ysm3ue Jo [[nJ SI P[IOM [eNIUI S IOUIRdT Oy, Surureo| 1
DUB)SISSY asudrey)d UOISSIIAI JABLIBN age)s #

juuLrdmodury - | oY

‘I PY - YSnosypjjem aapeseu s,3ul0idH L I19VL

20117

VOLUME 12, 2024



L. F. C. Costa et al.: Heroine's Learning Journey: Motivating Women in STEM Online Courses

IEEE Access

‘9sIn0d

‘SuonONNS
-Ul [euy pue ‘9sInod

'Sa1pNys NHLS 1oy paaoord
A[[nyssa0ons 0} pagrenb S1 Ioured Yy ‘S[[IfS mou parmboe
pue 2onoexd 19y JO [[e YIIM ‘OS[Y "9SINOD Y} JO SUONEN[BAD

oy} ur Surpasoons 1oy sdn) urewr ay) 9)ePI[OSU0D Jey) oy jo opeid [euy e | j1odor pue opelS [euly Oy} 0} SSOI0E dABY 0} OWIN ST I] "SI0 Sururea|
SUONONNSUI [eUlj pue ‘9sInod ay) Jo opeis [euy e ‘Sutures] | urejqo o3 pue ‘od | 1oy [[e I0J oz1id POAISSIp [[OM AU} SOAIOOAI MOU ‘SOTUIOUS M parensoy
‘uonen[ead [euy e opraoid s1oyoedy, pue siony, oy], | o3 uonemJar-jes  Surk[ddy | -oI [euy e jrwuqns 0], | PAIOJUNOOUD puk SAFUS[[BYD JBAIT PAde] SBY oYM IOUIBdT Y], -J19S | 01
10)n] /10yoe3], 9y Aq pasodoxd
UOTIENBAD [BUY 9} SWIOIIIA0 A[[NJSS20NS 0) PAPAU ST Jey) [[e
-a3ugqreyo [eonoerd | sassassod Joureo U, "WeX? [euy e Ino A1ued o} 9o9foxd oy
Jo “yse} ‘zmb feuy e | Juasaid 0 JUIPYUOD S[99J AYS "9SINOD SIY} UI SILIAI[IP JO YSe[o
Juowssasse | S0 ‘JuowIssasse [eu | [euy oy} ooej o) paredoid [[om SI oUs pue JUSWISSISSE [EUY IO a3peg
"JUQUISSASSE [eUl ) Youne| I9YOea], pue s10ing, oy], | Ise[ oy} Jo sjnsa1 ay) SuturelqQ | -y oy uwmoyrad of, | aSusqeyd s Aouinol S1q Ioy 9ovy 0) JNOqe MOU ST Jouted] oyl | INHLS UL 6
*+a3e)s 1xou ay) 10§ paredard
pue pastuesio 1a3 ‘Apear Jo3 0] Spasu ISWIBT AY) pue ‘Surwod
st a3uaqeyo S1q 9y} JOJ oW} Y[, ‘SUOHESI[ENSIA pPUE SE[NULIOJ
"JUJUOD ISINOD Y} YIIM PIJR[AI SYIOMIU ‘urel) 0} pue JuAUOd | [EONRWAYIEW UDMIOQ SUOTIOSUUOD MU JIAOISIP ‘J[osIay Aq
[BIO0S pUE SWNIOJ UO 9)2IOGR[[0d 0) SIOUIEI] 9FeIN0d a10[dx9 0} ‘sesIoIOXa | sjoejnIE [ROIS0[0oUYd9) asodoid 0] 9[qe ST pue Juaroyord saw0o9q
-UQ ‘SONIAIIOE JUQWISSASSE-J[OS JNO ALIED 0) SIOUIL] -oonoe1d pue ‘YImoIs JUQUISSOSSE-J[S | QUS ‘o) ouwes oy} 1y "uone[nSaI-J[os pue ‘9oudpuod-J[as Iow [eepI0
10§ 310ddns op1aoid saI[[y pue ‘s1oyoe], ‘IO oyl | DS ‘sisAreue-jjos Summboy | wuojrad of, | sexmboe oyg ;mou Asunol oy woiy Jo8 JouIea] oyl ued JeyA | INALS QUL 8
*SOSIOIOXD
‘PIemal e J0/pue SNUOq & JOUIEdT Y} poA[oS  9zA[eue 0} INALLS Jo sproy oy ur suonjeorjdde jueyrodur
SIOJJO BUAYIY ‘4 95BIS JO JUAUOD [e0112103Y) YSnoIy) pue ‘sarreuuonsenb | 190 1o SisATeur ejep SUNONPUOD IO SBINULIOJ [EONEUAYIeul
JUOM PUB SOJPIA [[B USds Apeal[e Sey JouIed| oy} ‘sozzinb  ‘syooford | pue swipLIOS[e YIM S[EIP OS[B JOUIRT Y, ‘SIIPMIS J3Y YIm
J1 ‘suonjeoridde priom-Tear sousrradxe 0 Ioured] oY) ‘S[opow | [enpIAIpur ‘syse} | pooooid 0) ySnoud Suomns s[oo) pue sJIseq SIN0D NHLS Ul
10} so1doy uonejuasald 3109foxd asodoid ‘seSuoqeyd | o[or yim JEs1oy Surkjnuopr | dnoi3 ‘suoneiussard | yInoiyy Juom IOUILIT Y], JeJ OS pauIed] sey dys SurylAIone BUAYIY PIM
dnoi3 1o 1enpratpur apraoid sar[[y ‘s1oyoeq], ‘siony, | pue ‘suonendsur SurziuSoooy | oredord of, | oonoeid oyur sjnd rourea oy) yeyy axmbar m aSers siyy | Sunsoy Syl L
'syoafoxd *SONIAIIOR JAHLS Ul PIA[OAUT J95
‘padunouur pue sweiSoxd 9eard | pue s309foxd mou do[oadp 03 Iay smof[e a3pajmouy painboe ay)
Arsnotaaid ‘SanIATIOB UOTIEN[EAD 9SINOD JAAT[AP AU, 0] pue ‘sozzinb | jo [V "Wy} Ueam)aq SUONE[AI YSI[qEISe 0) pue ‘sydeduod pue
's9zzib yyim pue ‘sisfeue [eonsnels ‘suoneindwod Iomsue 0} ‘Sonsne)s | Se[nULIO} [edonewdyew djendiuew o) ‘Opod 0) pasn SI Joured|
[eonewoyiew ‘vone[ndiuew vlEp ‘SONIANOE SUIA[OS ‘UONIPUOd | [YIM [e9p 01 ‘BIep | oY) ‘oW SIY) IV [PHIOM MIU B OJUT PIIJUS SBY JOUIL oY) ‘SOX
-wopqoxd Jurpnpour uejuod 9siod ay) 2onoeid 0) | mou sryy Sundeooe ‘roured] | eyendruew 0} | 'PHOM MaU SIY) UI 9[OI IAY PURISIOPUN O} SPIAU JOUIBAT oY) a3pormouy|
JouIeo oY) oSus[eyd SAI[Y PuUe ‘SIOYOBI], ‘SIOJN], | QIMJEW QIOW B owo0d9q O, | ‘swojqord oA[os 0, | ‘spjojun 1 se ‘sofejs juelroduwlr JSow Y} JO UO SB PAIOPISUO)) | Jo IYSIT oyl 9
ADUR)SISSY JAdudqrey) UOISSTIAI £101§ Jage)s #

pmory - I PV

Il PY - ySnoaypjjem sanesteu s,ulodH “Z 31GYL

VOLUME 12, 2024

20118



IEEE Access

L. F. C. Costa et al.: Heroine's Learning Journey: Motivating Women in STEM Online Courses

*9SIN0O )
JO UONIP3 XU JY) Ul SIOIUSUW dUI0IA] 0] SIAUIRY]
103 Ayunyzoddo oy) 191j0 osfe Adyy, ‘soured] £q
paxmboe s[[ys pue Areaelq ay) soaold jeyy rodor
[BUY JO 91BOYNIA0 © 9p1A0Id SIOUIBI]T, pue ‘S10Ing, Y T,

‘QUIOIOY ® Sutwodeg

*98In09 Ay}
JO uonIpe XU Iy}
Sunmnp 19y Suriojuaux
‘onSesqjoo e dpoy
0} pasu bs  [Iim
Ioured| UL SIS
paxmboe pue K10ar1q
1o I0]  91edYNID
e EINEREN oL,

-a3e3s sty 9ye[dwod pue suonsanb asayy 03 puodsar 0) 9[qe
QJe SIOUIBYT QUIOIH onn A[uQ (mou Joured] o) uaddey [im
JeY A (9SPpa[mou Jay QIBYS YS [[IM MOV PUE YA\ (SUIOIOH
B QW009( JOUIRYT AU} SO0P MOH (93us[[eyd [euy 9y} SI JBYM

QUIOIOH

INALS e
Surwooog

4!

*951n05 2Y) Jo 192[qns 2y uo
sdnoi13 uorssnosip oyroads ur uonedronied 19Jj0 osye
A3y, *9sIN09 A} JO YIILISAI /UOTIBN[BAD J0J SITRUUON
-sonb 1euy opraoid sa[y pue ‘s1oyoed], ‘sioiny, AyJ,

‘uos1od mau e Surwodog

"UOTIOR JR[NOLLIND
-enxe ue wiojrad
10 ‘spad  yum
dnoi3  Kyunwwoo
101005 & urof jsnuw
JoUIBYT Ay} ‘9SIN0d
Ay jo Jewoj oy
uo Surpuadoq
"AKOAIns 9sInod [eUy
e o)pdwoo  of,

'SNJe}s S, QUIOIOY JouIea| oy} Surured
Jo Aqiqissod oy Jourea 9y sI9Jjo a3els SIYJ, "dUI0IdY oni) ©
Surtwod2q Jo sso001d [[nJ oY) JO dIBME SAWO0I3] JOUIBIT Y,

100q9Yy
woIsAS

QUE)SISSY

Jdudqrey)d

UOISSTIAI

L1018

Jage)s

uwImgay - 111 PV

"I PV - YSnoaypjjem aanjeseu s,3ul019H "¢ 319VL

20119

VOLUME 12, 2024



L. F. C. Costa et al.: Heroine's Learning Journey: Motivating Women in STEM Online Courses

IEEE Access

ST SOX € orewraq LS uapamsg [or0oD) 09PIA Pue d1303epad BIPIN
V/N ON L orewoq 43 Arely Jou31Iso( [euonoNNSuy
€€ SOX €€ oTewog LS uredg JOSSQJOI] JUBISISSY
01 SOA 01 (1o9MmSUe J0U JAYIRY) G¢ Udpams ‘aud
V/IN ON 9 Jlewa] 0¢ Area Io3eue]y 109l01g pue 1ouSISO( [BUOIIONISUL
S SOX 01 orewrd 8¢ Qouel Joug1so( [euonONISUJ
8 SOX 0T AleIN LS uIpaIms§ Ioonpoid BIPIN
ST SOX ST orewoq Ly [eSmuiog J10SS9J0I1J JUBISISSY
€€ SOX €€ orewra LS uredg J0SSQJOI] JUB)SISSY
01 SOX 8 eI 8¢ Areiy IOUOIBISOY
€T SOX €T orewra Ly [eSmuIog 10SS9J01J JUB)ISISSY
€C S9A 4! SlBIN oF [e3nIog ke LA
(s183X) INALS Ul dUaLIddXY | (INHALS Ul SHI0A\ | (S183X) douarradxy REYIIETSY a8y | Anuno) a0y

sjuedpnied doysyiom (H °v 319VL

VOLUME 12, 2024

20120



L. F. C. Costa et al.: Heroine's Learning Journey: Motivating Women in STEM Online Courses

IEEE Access

through several motivation techniques tailored to the female
audience, such as the inclusion of narrative roles that are
associated to important or mythical female characters, and the
presentation of female role models. HLJ defines a narrative
divided into three acts, which themselves are divided into
more specific stages. Each stage contains a Narrative, Mis-
sion, Challenge and Assistance. The structure and contents of
this narrative was evaluated by experts/scholars who deemed
them interesting due to adequate pace and felt relatedness.
However, the same tests revealed some of HLJ limitations
such as the clarity of some of the explanations. This feedback
was considered for improving the explanations of the model.
After present HLJ, we have also described how a practical
system titled Heroine’s Learning System (HeLaS) can be
used to integrate the HLJ to an online course. In particular,
HeLaS was deployed to shape the course: “Machine
Learning, Maths and Ethics: Hands-on,” previously launched
in the MOOC Técnico platform. Along with the activities
provided by the MOOC itself, supporting Discord and
YouTube resources were provided, and were mainly targeted
at Brazilian participants. Several insights were extracted
from the student database of the course before and after
the application of HeLaS. Although the first edition of
the course already presented per se an abnormally high
female participation for a STEM course (= 37.3%), with
HeLaS, we verified a predominance of female participation
(& 59.2%), of which 46.3% were in our target age range of
15 to 21 years old. Even though this clearly presents a much
better balance than before, the opposite gender participation
may have to be counteracted, an issue that can be explored
in the future. Based on the feedback that we collected
from students’ experience, we then explored possible reasons
behind this improvement. By asking participants several
questions, we could conclude that being enrolled in this
MOOC allowed them to acknowledge the usual STEM
gender imbalance. Also, when finalizing the online course,
they revealed to support the initiative, and to embrace its
structure and motivating nature. In particular, they found
relevant the inclusion of female role models, additional tutors
roles, and they appreciated the existence of learning support
resources. Finally, several optional free-written student
feedback rendered the students’ participation in the online
course embedded with the HLJ useful and attitude-shaping.

AVAILABILITY OF DATA AND MATERIALS
The dataset and outputs supporting the conclusions of this
article are available in the Heroine’s Learning Journey:
Motivating Women in STEM Courses Through the Power of
Narrative repository: https://osf.io/mceg6/.
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