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coauthorship. Industry 4.0 is the realization of digital transformation including enhanced productivity
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of Entrepreneurship, but all participants after the programme presented a complete
business plan. The three points that women identified as prohibitive factors were
lack of self-confidence, ambition, and knowledge in the fields of patent filing, finance
and marketing. Participants were likely to initiate their own start-up in the next five
years, but had mixed fillings regarding the complexity of the process. Nine months
after the course ended, four out of 20 participants have been successful in attracting
initial funding to support the initiation of a start-up involving protected intellectual
property and managed to secure an award to provide them with office space to build
their company. The long-term impact of this training programme will need to be
followed up. Entrepreneurial training is crucial to be embedded in curricula for post-
graduate and if possible undergraduate students to pursue a major transformation
targeting the STEM-related fields in Higher Education to enable women in becoming
key participants and leaders in the Industry 4.0 era.

Keywords: Industry 4.0, Science, technology, engineering, and mathematics (STEM)
education, Women entrepreneurship, Higher Education

Industrial revolution transformation towards Industry 4.0

Industrial revolutions take place over a period of time where the manufacturing pro-
cesses and mankind are completely changed. Since the XVIII century, industrial manu-
facturing systems have evolved from manual labour towards automatization. After three
industrial revolutions, we are experiencing the fourth (Fig. 1).

The 1st industrial revolution or Industry 1.0 also known as the Steam Revolution
Era occurred from the eighteenth century to the beginning of the nineteenth century.
This period was marked by the rise of mechanization of work and the replacement of
the agriculture business due to the mass extraction of coal and the innovation of steam
engines along with the improvement of railways. These led to faster monetary, human,
and material trade having a significant impact on the quality of life mostly, such as the
textile industry.

The 2nd industrial revolution or Industry 2.0 started at the end of the nine-
teenth century thanks to the discovery of a new source of energy, gas, and oil, along
with several technological advancements related to the combustion engine set to
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Fig. 1 Schematic summary of industrial revolutions
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use gas and oil more effectively to their maximum capacity and the introduction of
electricity. This period was marked by several hits, such as the enhancement of the
steel industry along with the high steel demand, the chemical industry due to the
demand for synthetic fibres, dyes, and fertilizers, the invention of the telegraph, and
the telephone as a method of communication. This period also is characterized by
the development of automobiles and planes for transportation which resulted in the
establishment of large factories and assembly-in-line.

The 3rd industrial revolution or Industry 3.0 started at the end of the twenti-
eth century when nuclear energy immersed as a new source of energy emerged. In
the mid-1990s, the era of digitalization started with the introduction of computers,
transistors, microelectronics, and automation that revolutionized the world opening
biotechnology and space research. The two major inventions were the programma-
ble logic controller and robotics allowing the production of a variety of products on
flexible production lines with programmable machines.

The 4th industrial revolution or Industry 4.0 also known as smart manufac-
turing is the realization of the digital transformation of the field, which includes
enhanced productivity and flexibility due to real-time decision-making. This is pos-
sible due to the high-speed internet and industrial internet of things. Digitalization
allows us to build a new virtual world from which the physical world can be improved
known as the era of Cyber Physical Systems (CPS) in which smart machines, storage
systems, and production facilities are capable of autonomously exchanging informa-
tion, triggering actions, and controlling each other independently. The aim of this
4th revolution is focused on interconnecting all production steps and enabling their
interaction in real-time feasible through cloud computing, big data analytics, and
the internet of things. The implementation of thousands of sensors working on real-
time transfer of data to a local server or a cloud server able to carry out instantane-
ously data analysis by developing predictive models. This revolution focuses also on
greener sources of energy coming from the sun, the wind, and geothermal sources
(Kumar, 2019).

The 4th Revolution’s key tools allow a step change from the 3rd Industrial revolu-
tion. Big data analytics supports real-time decision-making which is able to revo-
lutionize large industries. Utilizing advanced hardware, software, and frameworks,
data collected from different sensors are accumulated and assessed almost instan-
taneously. This allows for the development of stronger and more reliable models to
simulate machinery settings before the next item in line is manufactured. Advanced
robotics, a keystone of the 4th industrial revolution, allow robots and humans to
interact and work safely in parallel. A full system integration is required to empower
truly automated value chains and fast communication between systems enabled by
fast internet and virtual cloud storage able to store all data generated from connec-
tions, machines, and humans. The concept of cyber security becomes paramount to
ensure safety of the produced virtual data stored in the cloud. Another two new con-
cepts are brought in this 4th Revolution; augmented reality and additive manufac-
turing (such as 3D printing for the design and production of customized prototypes
adapted to the instantaneous needs of humans or equipment) (Serrano, et al., 2023).
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Women are a minority in Industry 4.0

The world is experiencing a transcendental transformation in the way we work, live,
and think. Women are at risk of missing out jobs of the future, particularly in STEM
fields. It is expected that half of the current jobs will have disappeared by 2050, which
means that five women will lose their jobs for every one gained, while just three jobs
will be lost by men for every one gained and is predicted that 60% of children enter-
ing primary school today will end up working in jobs that currently do not exist (ITU,
2017; UNESCO, 2018). It is critical to ensure that the future workforce possesses the
necessary skills to face the new working reality taking into account that STEM jobs
will rise by about 6.5% compared to just 3% in other sectors. A shortage of skills for
jobs in Industry 4.0 in the EU is expected to triple from 8 to 24% between 2015 to
2025 (UNESCO, 2021).

A high level of education and skills will be increasingly important in the job market
over the next years. Low-skilled jobs have a higher risk to become automated and hence
disappear such as, for example, the implementation of automatic checkouts in shops
resulting in one in four cashier jobs disappearing, most of them occupied by women
(UNESCO & Equal Skills Coalition, 2019). On the contrary, other jobs such as scien-
tific research and development have a very low probability of automation and hence, the
need for a high-skilled workforce.

EU should invest in closing the gender gap in STEM education as this will impact
directly economic growth increasing the gross domestic product (GDP) per capita by
0.7-0.9% in 2030 and by 2.2-3% by 2050. This results in a reduction in the gender pay
gap by 2050 considering that between 6.3 and 10.5 million jobs should have added to EU
economy and about 70% of these will be occupied by women (EIGE, 2017).

Currently, women are a minority in Industry 4.0 sectors considering that women are
underrepresented in fields most relevant to Industry 4.0 such as IT, physics, math, and
engineering (UNESCO, 2023). For example, more than 50% of men finishing a degree
in information technology (IT) end up working in digital jobs compared to just one-
quarter of women (UNESCO & Equal Skills Coalition, 2019). A similar trend is observed
in the technical and leadership roles in the top multinational technology companies.
There is some progress in the hiring percentage of women, but a clear glass ceiling in
the top roles still exists (Fig. 2). For example, Google has increased the total percentage
of women hired, but below a quarter of these jobs were technical. A similar pattern is
followed by Apple, where only 23% and 29% of women employees are in technical and
leadership roles, respectively (UNESCO, 2021). Similar trends are encountered in Ama-
zon, Facebook, or Microsoft companies. More scenarios occur in Asian companies such
as Samsung and Huawei where only 6-7% of the management and executive team were
women (UNESCO, 2021).

An increasing number of women are enrolling in universities in almost every nation.
Women have equal representation among graduates at both the bachelor’s (53%) and
master’s (55%) levels globally. Women currently make up 44% of Ph.D. graduates, up
from 43% in 2013, although many drop out once they reach the level necessary for a
research career (Fraguas-Sanchez et al., 2023; Huyer, 2030). Generally, the majority of
countries still have a higher proportion of women graduates than men in the humanities
and arts, media and information, social sciences, and health and welfare.
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Fig. 2 Comparison of the percentage of women employed in technical and leadership roles in top
technological companies between 2018-2019. Modified from: (UNESCO, 2021)

According to the United Nations Educational, Scientific and Cultural Organization
(UNESCO) Institute for Statistics, data from 107 countries between 2015-2018 indi-
cate that women make up 33.3% of researchers globally. Although this is substantially
greater than it was five years ago (28.4%), there are still significant data gaps (UNE-
SCO, 2021). However, women are still a minority among researchers in the indus-
try. In four out of ten countries that have reported data, the proportion of female
researchers in the academic and governmental sectors are equal to men, but this is
not the scenario in industry. With a few notable exceptions, such as Iceland, Lat-
via, Lithuania, and Spain, where women make up between 30 and 40% of industrial
researchers, the proportion of women in the business sector is relatively low among
Organisation for Economic Co-operation and Development (OECD) nations (UNE-
SCO, 2021). Other countries, like Germany (15%), Japan (10%), and Saudi Arabia
(2%), have even lower percentages (UNESCO, 2021).

Another milestone is the growth in the number of patents with at least one female
inventor involved. Even though the proportion of patent applications with at least
one female inventor reached a record high in 2019, just 19% of inventors are women.
Although progress has been extremely slow, it has at least been consistent; in 2013,
just 14% of inventors were women. The World Intellectual Property Organization
(WIPO) reported that between 2010 and 2019, the average percentage of interna-
tional (Patent Cooperation Treaty, PCT) patent applications with at least one female
inventor climbed from 28 to 35% globally. Africa was the only continent unaffected by
this trend. In 2000, at least one female inventor was listed on 20% of patent applica-
tions (WIPO, 2019).

In academia, even though four out of ten academics worldwide are women, they
frequently are forced in lower academically ranked position (Fig. 3). Women have
now virtually attained gender parity at universities, however, they continue to be
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Fig. 3 The career academic pyramid. Data obtained from: UNESCO and Equal Skills Coalition (2019)

underrepresented in fields related to Industry 4.0. The gender pay gap worsens as
more women pursue careers in science. As they ascend to the upper tiers of research
governance bodies like academies of science or scientific councils, their presence
becomes more and more rarefied. As seniority increases, the representation of women
declines. A similar trend is observed in practically all nations, as women are a minor-
ity in higher leadership or government roles indicative of vertical segregation.

Women also face higher criteria in grant applications, peer reviews, tenure reviews,
and employment applications (Brower & James, 2020; Witteman et al., 2019). The quality
of research of women researchers is undervalued, even though women researchers grow
their careers at faster rates (Brower & James, 2020). Women researchers accrue lower
research grants. In 2015, female researchers in Argentina, who were in charge of scien-
tific initiatives, requested and received 25% less funding than their male counterparts
(UNESCO, 2018). Women are just as productive as men in terms of research output,
but they often have shorter careers and higher rates of departure at each point of their
careers (Huang et al., 2020). Women often quit their research careers for various rea-
sons, including the challenge of finding a balance between work and family (Huang et al.,
2020). Another possible explanation is the gender pay disparity in academia.

Despite identical publication output per career year, the disparity is due to women’s
shorter careers (Huang et al., 2020). Although being published in prestigious journals is
a crucial component of career growth, female authors have consistently been underrep-
resented. Women are less likely than men to be the first or last authors, and publications
by women are cited less frequently. Publishers may be reluctant to accept papers written
by women for publication, because having a low citation rate has a detrimental impact
on a journal’s impact factor (Kleijn et al., 2020; Shen et al., 2018).

Peer review is another area where gender bias remains. According to a study that
examined over 23,000 research manuscripts in ecology and evolution that was submitted
to six journals between 2010 and 2015, women generally received lower grades and were
more likely to have their submissions rejected by peers (Fox & Paine, 2019). The same
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tends to occur when selecting academics for giving a keynote or plenary session. Female
scientists are invited less frequently than men (Kiser et al., 2019; UNESCO, 2021).

Necessary skills of Industry 4.0 entrepreneurs

To seize the opportunities presented by Industry 4.0, it is critical to clearly define the
skills and experience required to fully utilize automation, data exchange, and 10T, cloud
computing and cognitive computing. Academia should equip newly recruited gradu-
ates with skills in demand by industry to grow the Industry 4.0 workforce. The necessary
skills for Industry 4.0 are divided into three categories (i) behavioural skills, (ii) techno-
logical skills, and (iii) analytical skills (Fig. 4) and are complemented by (iv) entrepre-
neurial skills.

Behavioural skills such as adaptability and being a team player within a business are
core. Entrepreneurs evolve in a deep reflective environment when they are adaptive in
their capacity to lead a team or collaborate with others successfully embracing novel
technologies and automations. Communication and presentation skills remain highly
valuable to companies, considering that technical contexts require different communica-
tion abilities than non-technical contexts do (McLeish, 2002). However, freshly gradu-
ated students are less competent in written communication than oral communication
(Al-Shehab, et al., 2020) and both of these skills remain equally important.

Leadership can be considered the top emerging necessary skill in Industry 4.0. There
is evidence that women leadership characteristics and behaviours differ to those of men
and are necessary to address the new challenges leading to a paradigm shift for female
leaders (Chuang & Eversola, 2022). Women'’s leadership strengths are their ability to be
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help others, developing war relationships with others, and utilizing idealized attributes
and inspirational motivation (Martin, 2015; Tench et al., 2017). Cimiroti¢ et al. (2017)
identified several personal enabling factors such as social and interpersonal skills, spe-
cialized knowledge, professionalism, ambition, hard work, ability to assert oneself, and
enjoyment of one’s job, that can assist women in advancing to higher levels of leadership
in this competitive Industry 4.0 work environment. Exploiting the unique women’s traits
and strengths is critical in unleashing their leadership potential making gender differ-
ences an opportunity and not a barrier (Chuang & Eversola, 2022).

According to the Multifactor Leadership Questionnaire, there is no difference found
in leadership effectiveness between genders, and actually, more similarities in leader-
ship behaviour were found between executive men and women than no-executive such
as assertiveness, decisiveness, and strategic thinking (Stempel & Rigotti, 2018; Yan et al.,
2018). However, several differences were discovered in global leadership strengths such
as demonstrated superior interpersonal impact and cosmopolitan outlook for men and
greater diplomacy and intercultural empathy for women (Wille et al., 2018). One main
barrier that should be overcome is the lack of confidence in women. Even in several
studies in which women scored significantly higher than men on leadership effective-
ness, women considered themselves less effective in self-ratings (Sheppard, 2018).

There are demonstrated biological differences between women’s and men’s brains that
can explain why they see and do things differently (Li, 2014). Women have more per-
sistent amygdala responses to familiar, negative information, which makes them more
vulnerable to affective disorders resulting in anxiety and depression (Andreano et al.,
2014). However, women tend to perform better on object location and recognition such
as remembering faces, and verbal memory (Li, 2014). In terms of multitasking skills,
women have demonstrated increased activation in functional networks from the inferior
frontal gyrus of the brain, especially for verbal dual-tasking as women can be processing
information on a subconscious unattended level (Tschernegg et al., 2017; Zhang et al.,
2018). Women have significantly more active areas related to the emotional (limbic) and
memory (hippocampus) tasks which explain why females tend to be more emphatic,
intuitive, and collaborative than males (Amen et al., 2017).

Another biological difference that impacts leadership management style between gen-
ders is the ability to process information. Women process information more elaborately,
seeking information between their self-generated and outside information, and before
concluding, women evaluate all available information (Bhaduri & Ha-Brookshire, 2015).
In terms of problem-solving style, women are more intuitive and have exhibited greater
levels of creative problem-solving and positive perceptions of the general process (Hardy
& Gibson, 2015). But at the same time, women tend to have low self-efficacy and are
more affected by excessive information and conflicting information such as non-credible
information (Hoogerheide et al., 2016).

Technological skills are paramount considering the exponential growth of Indus-
try 4.0 which requires continuously remaining up-to-date and current in the technical
knowledge and skills as well as learning about emerging technologies for current and
future markets. Virtual collaboration, defined as the capability to make effective collabo-
ration between virtual team participants via technology, has developed into a core skill
in this new era (Islam, 2022). Computer and software programming and development
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skills are technical expertise through which a set of software could be developed and
created (Islam, 2022; Santos & Roux, 2018). Current society has realized this demand
and this is reflected in the education systems as policymakers are increasingly demand-
ing inclusion of programming skills in their curricula. There is controversy on this topic
as what may look like a necessity for others, is an unnecessary luxury for others con-
sidering that many students have not mastered basic literacies. Several advantages have
been attributed to teaching programming in schools as this will help students acquire
professional skills relevant to the future’s job market, develop problem-solving skills,
understand the nature of the world around them, serve as a gateway to further study in
STEM subjects, and allow for new avenues of creativity and expression (Should All Stu-
dents Learn How to Code, 2023).

Within analytical skills, strong critical thinking and problem-solving skills are cru-
cial. A critical thought process involves weighing the arguments, observations, facts, and
evidence that is accessible before making a decision. Critical thinking allows a person to
employ logic and reasoning to identify the weaknesses and strengths to alternate solu-
tions, and approaches to problems and draw conclusions. Critical thinking involves cog-
nitive skills that imply intellectual abilities allowing a learning process. Cognitive skills
support not only mastery of a certain task, but also agility and ability to perform it. Rel-
evant to critical thinking, problem-solving skills are crucial not only to identify com-
plex problems but mostly on reviewing information to introduce alternative solutions
in solving issues involving cognitive flexibility. Industry 4.0 is a high-end industry that
necessitates a high cognitive load management capability and constant technological
advancement. Thus, it is crucial to grasp and improve the cognitive abilities required to
comprehend and prioritize key elements across multiple areas that are interconnected.
Finally, solving problems requires not only analytical skills, but also creative skills, as
ideation is a fundamental part of the thought process that involves developing, articula-
tion, and expressing novel ideas (Al-Shehab, et al., 2020; Islam, 2022).

An entrepreneur has to possess innovation and creativity skills which are related to
the generation of novel ideas within the analytical skill set. But, a broader range of skills
including key psychological and soft skills such as a high degree of persistence and con-
tinuity are key for successful entrepreneurs. Customer communication and engagement
cannot be underrated to the success of entrepreneurs. For an entrepreneur, a technologi-
cal and a curious understanding of the product is vital for the company. In majority of
novices, the technological part tends to not be an issue, but the business and financial
management skills remain barriers. Possessing networking skills are useful to succeed as
an entrepreneur as they need to be surrounded by the correct people to support them
and shift the balance towards success (Wahl & Munch, 2021).

A training programme to empower women in Industry 4.0

The Global Entrepreneurship Monitor (GEM) Women’s entrepreneurship Report offers
a trend analysis of women’s entrepreneurship in 50 countries around the globe (GEM,
2021). A Spanish report in 2019-2020 revealed that women initiated entrepreneurial
activities at a significantly less percentage than men (43 vs 57%) (GEM, 2021). This gen-
der gap was reduced in 2021-2022, when women reported start-up rates equal to or
greater to men along with other four countries: the Dominican Republic, Kazakhstan,
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Morocco, and Romania but remains at the last 8 position in terms of other high income
countries. However, when comparing the total early-stage entrepreneurial activity,
Spain has one of the lowest percentages (about 5%) in the world (GEM, 2021). Entre-
preneurship is considered more a necessity rather than an opportunity in most cases
with a significant deficit in entrepreneurial activity in STEM-related fields, especially in
Higher Education. The low number of women in STEM in Spain is in contrast to num-
ber reported in the Latin America and Caribbean (LAC) region led by Brazil (15%), Peru
(11%) Argentina (9%) with 10% of women entrepreneur companies in the HealthTech
areas (wX Insights, 2020).

In fast developing economies such as China, only 9.3% of women engage in entre-
preneurship, compared to 12.2% in Korea and 8.7% in India, which is in contrast with
southeast Asian countries such as Thailand (19.3%) and Malaysia (20.1%) or higher levels
reported in Vietnam and Indonesia (Franzke et al., 2022; Surangi, 2022). In developing
Asian countries, female entrepreneurs often have a low level of education and work in
the informal sector, driven by economic necessity, whereas many female entrepreneurs
in transitioning/developed Asian countries are highly educated and work in high-growth
industries (Surangi, 2022). Culture and different religions, e.g. Islam and Hinduism, are
major sources of constraints for the education and financing of female entrepreneurs
in Asia. The low representation of women in STEM fields in China and gender differ-
ences are shaped by the social construction of gender roles, lower career expectations
from parents and gender stereotypes from the culture negatively impacting on women’s
achievement motivation (Lingas, 2013; Xueyan & Gao, 2021). In middle East, a relation-
ship between faculty characteristics and their entrepreneurial orientation in Higher
Education has been detected. Female faculty are more proactive than men, but males are
innovative and risk-takers to some extent modulating the entrepreneur behaviour (Abidi
et al,, 2022).

A pilot study was performed at the University Complutense of Madrid, the largest pub-
lic research university and one of the oldest operating universities in the world located in
Madrid (Spain) enrolling over 86,000 students (the third largest non-distance European
university by enrolment). By Royal Decree of 1857, the University of Madrid was the
first and only institution in Spain authorized to grant doctorate degrees throughout the
Spanish Empire. In 1909, the University of Madrid became one of the first universities in
the world to grant a doctorate degree to a woman (Maria Goyri, 2023). A total of 25 par-
ticipants were enrolled in the study including academic staff members (40%) and post-
graduate Ph.D students and postdoctoral researchers (60%). Women represented 80% of
the participants. The study was conducted after participants engaged and completed a
training programme on “Entrepreneurship in STEM-related fields in Higher Education”
to introduce the participants to the entrepreneurial world. The training was delivered
by the Business Professional Women (BPW) Association of Madrid (Spain) (Bussiness
professional Women Association, 2023). BPW represents the International Federation
of Business Professional Women (IFBPW) that is a non-governmental organization rep-
resenting founded in Geneva in the year 1930 by Dr. Lena Madesin Phillips and is cur-
rently the world’s largest organization of business and professional women fighting for
the defense and rights of business and professional women on 5 continents and in more
than 110 countries around the world in Spain. BPW obtained its own special ECOSOC
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(Economic and Social Council) before the United Nations on 2nd of August 2019 and
is the voice of Spanish businesswomen, professionals and managers before the United
Nations, UNECE (UN Economic Commission for Europe), CSW (Commission on the
Status of Women), and CEDAW(UN Committee on the Elimination of Discrimination
against Women) (BPW Madrid, 2023). The training programme was structured in three
blocks. The first block comprised a 36 h training session covering the following modules:
business canvas design, development of minimum viable product (MVP), market evalu-
ation, finance analysis using the Growbox platform, introduction to venture capital, and
human resources management. The second block included 125 h of individual mentor-
ing sessions and the third block was organized Demoday pitching event. In Table 1, the
distribution of the following packages is summarised.

“Business canvas design” guided each participant to develop or consolidate their busi-
ness canvas model clarifying the need or the pain/challenge that the participants are
solving with their business idea. Based on this premise, participants then were coached
on drafting their value proposition. The next step involved identifying the market/cus-
tomer segment that the business was targeting and how to engage their customers by
developing appropriate communication channels either direct or virtual. The third ele-
ment of the canvas model was to identify the key partners, the key activities, and the
key resources needed to start the business. Weighing the needs, the product, and the
segment of clients that the participants were targeting, the revenue stream and the cost
structure was established and delineated via active coaching.

Once all participants drafted their own Business Canvas model, the second module
of the training course focused on the design and development of the MVP. For entre-
preneurs stemming out from Higher Education researchers, the MVP arises, in many
situations, from research performed by the participants which may be patentable but
not necessary in all cases. During this module, the need and process of patenting prior
publication was discussed to empower participants to maintain their intangible, but
sometimes only assets within their own start-up. During the patenting process as well as
during the MVP development, it is crucial to perform an exhaustive market evaluation
to determine the real novelty of the MVP, highlight competitors and define the window
of opportunities for the business.

The fourth module focused on finance analysis. Participants were provided with
the Growbox Innovation platform that involves a detailed intuitive spreadsheet for

Table 1 Training programme implemented at Universidad Complutense University of Madrid on
Entrepreneurship in STEM-related fields in Higher Education

Block Number of Learning methodology
hours
Training session 12 Face-to-face group sessions
6 Virtual group sessions
18 Self-paced-study
Competency test: progression to next block and allocation of mentor to mentees
Mentoring session 125 Individual mentor-mentee sessions combin-
ing face-to-face and virtual blended learning
meetings

Demoday 3 Pitch of the business plan
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participants summarizing and highlighting the main costs associated with the devel-
opment of their MVP and a prediction of profit generated by future revenue streams
(TheGrowBOx Innovation Platform, 2023). When patents are the main commercializ-
able assets, a deeper discussion followed with coaches to understand how this intangible
asset can be valued.

The training course continued with a module focused on how the participants can
get access to funding coming from venture capital or business angels and which are the
implications of this source of funding on equity. Finally, the last part focused on human
resource management, which are key elements to form balance core teams. As most par-
ticipants were coming from a research background, it was key to provide advise on how
to link and select business lawyers and other personnel with administrative (e.g. human
resources) and business skills.

Twenty participants were shortlisted based on a custom-made developed Entrepre-
neurial competency test developed by theGrowbox Innovation Ltd sponsored by the
BPW (BPW Madrid, 2023; TheGrowBOx Innovation Platform, 2023). Participants that
obtained at least 5 out of 10 points were shortlisted to be part of the training programme
and their results allowed for identification of the best mentor to their learning needs.
The test evaluated the motivation, skills, and aptitude toward entrepreneurship. Moti-
vation is the fuel that drives every entrepreneur, because without it there is no incen-
tive and no winning spirit. It is not just about making money, but about the feeling and
thrill of competition, the quest for adventure, and the pleasure of creation. Aptitude is
the innate capacity of people to adequately develop a given activity or task. Skill is the
development of that aptitude, acquired by learning. The skills are learned and trained
and aptitudes are always there waiting for a stimulus to develop. Ten competencies were
assessed in the test: need for achievement, power, ambition, autonomy, perseverance,
self-confidence, stress management, creativity, influence of power, and proactivity. After
the training, participants performed a matching test to be paired with one of the mentors
from the BPW Association. A total of 125 h of individual mentoring sessions was imple-
mented between mentor and mentee. Once the training and mentoring sessions were
finalized over a 6-month period, participants presented their pitch to show their entre-
preneurial projects in a Demoday (pitch) event in front of a range of specialists in start-
ups development. Finally, all participants filled out an anonymous survey consisting of
12 open questions at the end of the programme to understand the impact of the training
received towards awakening the entrepreneurial spirit in academics and researchers in
Higher Education in STEM-related fields. This study was performed under the Ethical
Committee approval by Universidad Complutense of Madrid (CE_20221110-15_SOC).

Unlocking the potential of entrepreneurship in Higher Education

in STEM-related fields

The competency test performed was a useful indicator to discriminate which individuals
possess adequate innate skills to succeed as an entrepreneur. Eighty percent of the par-
ticipants (n=20) showed a final average score of five points or above in the evaluation
(Fig. 5). Results are represented by business skills grouped in motivation, overall skills
and aptitude (Fig. 5a), while the key competencies for entrepreneurship were also sum-
marized (Fig. 5b).
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Fig. 5 Results obtained from the competency test

The need for achievement is reflected in the desire to progress, excel, and surpass one-
self. Entrepreneurs who have this characteristic like to set goals and obtain positive feed-
back on what he/she to do to excel. These individuals often have a strong competitive
spirit, especially against themselves. The desire for power can be aligned with positive
competencies for entrepreneurship. Power is related to management, which is essential
when creating a new start-up. Challenge and ambition are closely related to the need
for fulfillment. Ambitious people are those who seek to permanently embark on diffi-
cult projects to make their dreams come true with a constant need to learn. Effective
decision-making is a valuable skill in any workplace. Measuring the degree of autonomy
can be related to the ability to make decisions on time. Aligned with autonomy is self-
confidence showing optimism about the process. Perseverance is identified by persis-
tence in efforts and determination in the search for solutions to problems and is crucial
for an entrepreneur when optimal approaches are required for encountered problems.
The ability to manage stress appropriately is important as usually entrepreneurs need to
coexist well with ambiguity and uncertainty and have a strong capacity for adaptation. A
certain degree of creativity is essential in an entrepreneur with a high capacity for prob-
lem-solving. Some people attribute their success to luck and others to their efforts. Peo-
ple whose profile is entrepreneurial tend to believe that they have the power to influence
events by the actions they take. Finally, a fundamental characteristic of entrepreneurs is
that they are action-oriented. Speed of action and diligence are quite common traits in
entrepreneurial phenotypes.

Participants showed a positive reaction to the results obtained from the test as it
allowed them to self-reflect and self-evaluate. The objective of the test was not to demo-
tivate individuals, but reflect on their strengths and weaknesses. Finding the right core
team is essential for the success of a start-up. Complementary personalities with differ-
ent skill sets tend to be more competitive in the Industry 4.0 environment, but finding
the right partners to encompass all the required skills in a team can be a hard task. This
type of questionnaire was useful to demonstrate complementarity.

Participants were working in academia either at the Ph.D. or postdoctoral level or as
assistant or associate professors in STEM-related fields such as pharmaceutical engi-
neering, pharmacology, chemical engineering, chemistry, and microbiology. Three-
quarters of the participants were novices to the entrepreneurial world, this being their
first time to receive entrepreneurial training. However, all researchers came from an
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applied research background and they were product or process-oriented. Sadly though,
the most common primary goal of the participants was aimed towards publication of the
results in specialized research journals. After the training, all the participants were able
to fuel their ideas into an MPV or consultancy business as shown in the pitch presented
on the Demoday. The areas with the poorest degree of competence were finance and
marketing. The training allowed the participants to strengthen their understanding of
these topics suggesting the need for collaboration with a business-background members
such as those available in the BPW.

Quantitative data collected from the survey filled out at the end of the training period
are summarized in Fig. 6. Fifty percent of the participants showed a high satisfaction
degree with the training received and for the rest of the participants, the training ful-
filled their expectations in an excellent manner (Fig. 6a). At the end of the training, the
participants expressed their feelings on the likelihood to create a start-up within the next
5 years. Surprisingly, none showed a low probability of embarking on an entrepreneurial
project. However, mixed feelings were observed regarding the complexity and feasibility
of the process (Fig. 6b).

All the participants showed enthusiasm for the training received. Novel blended learn-
ing methodologies should be incorporated in entrepreneurship training in Higher Edu-
cation (Fraguas-Sanchez et al., 2022; Serrano et al., 2019). However, they would have
preferred a longer training course to deepen learning in all the areas. Currently, novel
methodologies on entrepreneurship have just been introduced at the university, but
there is still a reluctance to incorporate them into the curricula of scientific disciplines.
One of the advantages of this pilot study was the limited number of participants, which
allowed individualized monitoring and mentoring of each participant and their business
project. Researchers and academics considered essential for a successful entrepreneur
the following skills: perseverance, creativity, being data-driven, leadership, teamwork
capacity, proactivity, curiosity, diplomacy, taking initiative, and learning skills.

Participants, on the other hand, believe that they need to improve in certain areas
prior embarking on an entrepreneurial project. They highlighted the lack of self-confi-
dence, ambition, and knowledge on market research along with limited knowledge on
the processes of patent filling, legal requirements, finance management, and scaling up
their product manufacturing. In some cases, poor clarity of the company objectives was
also noted. Addressing these issues in entrepreneurship training aimed at Higher Educa-
tion staff and students will fuel and drive entrepreneurship goals and outputs.

60
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Fig. 6 Data collected from the final evaluation survey. Key: a degree of satisfaction with the training received,
b self-reflection for the likelihood of creating a start-up within the next five years
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After the training received, four participants shared their ideas on starting their
business. The start-ups were mainly focused on pharma consulting companies with
established intellectual property aimed at the development of novel formulations and
personalized medicines. The main prohibitory factor was the need for equipment and
facilities provided by the University to establish the start-up objectives and provide labo-
ratories and facilities required for scale-up and consolidation of these high risk and high
gain companies. These participants (both academics and post-graduate students), how-
ever, managed to secure funding (12K Euros) from the Universidad Complutense Incen-
tive Program that enabled them to initiate their start-up and provide them with office

based space for the start-up and is an early indicator of success of our programme.

Conclusions and future perspectives

Women entrepreneurs need to overcome numerous structural, administrative, and
gender-related challenges to initiate and success in the Industry 4.0 era. Lack of access
and reach to networks and opportunities, established glass ceiling in their institutions
or industries, limited training in IT, difficulties in obtaining finances from non-family
sources, as well as functional knowledge of legal and financial procedures to initiate and
run a business. Clearer understanding of legal processes for protection of intellectual
property also endangers the financial exploitation of technological novelty developed
from their research that is patentable. Family and societal demands and expectations
affect women differently around the globe but still play a role. In the absence of a suf-
ficient number of state-run institutional interventions, any action coming from auton-
omous, voluntary private sector initiatives providing counselling and up-skilling to
women such as “The Mellon Skills Accelerator” in Greece are great alternatives to trig-
ger entrepreneurship and generate new opportunities for women (Tsimas, 2020).

It is essential to change the skills that the educational systems are transferring to the
students and researchers to ensure matching with those skills demanded by Industry
4.0, such as programming. Inclusion of entrepreneurship methodologies in the curricula
of Higher Education is also a necessary step change that should embraced and embed-
ded in all disciplines. This pilot training programme has been successfully implemented
and has grown essentials skills required to create a start-up offering a 360° vision on the
legal, financial, and technical needs required. A major transformation should target the
STEM-related fields in Higher Education moving from the mass production of publica-
tions to patent protection and the creation of start-ups that bring novel solutions for
the current problems that society is facing up. This transformation must be supported
by the Higher Education institutions removing the pressure to publish, but promoting
and giving economical support for intellectual property protection and creation of start-
ups. At governmental level, there is an urgent need to pave the way for creating a start-
up by facilitating the administrative procedures and granting microcredits, which would
remove the barrier of economical familiar dependence.

Abbreviations:

3D Three dimensional

BPW Business and Professional Women

CEDAW United Nations Committee on the Elimination of Discrimination against Women
CPS Cyber Physical Systems
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OECD Organisation for Economic Co-operation and Development
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