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Abstract: Several studies have addressed the benefits of mentoring from the mentor’s perspective,
especially those related to soft skills. However, to the best of our knowledge, there are no studies
that either relate the mentoring in STEM areas with female role models or that analyze them from
a data-mining perspective. In this work, a questionnaire was elaborated to address the mentor’s
benefits related to soft skills and technical knowledge; afterward, a data-mining methodology was
used to analyze the mentor’s perceptions related to female role models and STEM reinforcement.
In addition, sentiment analysis was performed in order to determine the emotional polarity in
the text used by the mentors to describe their mentoring experience. The results show that soft
and technical skills are acquired by the mentors, and participating in mentoring programs allows
them to perceive themselves as female role models. Additionally, by using decision trees, it was
possible to determine the mentors’ characteristics that perceive a STEM reinforcement or that produce
attraction. In addition, the results show that the general perception of the mentors’ experience was
positive. Finally, the use of machine learning techniques, specifically data mining and sentiment
analysis, allowed us to both confirm the results obtained in a qualitative way and to obtain new
interesting results.

Keywords: mentoring; STEM; higher education; female role model; gender gap; equity; data mining

1. Introduction

According to the University of Reading [1], the mentoring objective is to support
and encourage people to be able to manage their learning so that they may maximize
their potential, develop their skills, improve their performance, and become the person
they intend to be. Mentoring definition and conceptualization are elements that have
been addressed by several authors. According to Sands et al. [2], some key factors are:
friendship, career guidance, information source, and intellectual guidance. Additionally,
Sambunjak et al. [3] concluded that mentorship has an “important influence on personal
development, career guidance, career choice, and productivity”; this conclusion is likewise
supported by Farrell et al. [4] and Beltman and Schaeben [5].

There are different types of mentoring, and, based on [6], contemporary mentoring
can be classified into nine types: formal mentoring, informal mentoring, diverse mentor-
ing, electronic mentoring, co-mentoring/collaborative mentoring, group mentoring, peer
mentoring, multilevel mentoring structure, and cultural mentoring. In this sense, Mullen
and Klimaitis [6] defined formal mentoring as a planned, structured, and intentional in-
teraction that targets gaps and resolves problems in programs and organizations, while
informal mentoring ignites when mentors and their mentees meet naturally. Cross-gender
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and cross-race mentoring are formations that join mentor and mentee who differ demo-
graphically and is also known as diverse mentoring. In addition, electronic mentoring has
arisen due to technology’s growth, and it mediates learning and communication remotely
through social media, cloud-based/online platforms, synchronous chats, and email. Co-
mentoring/collaborative mentoring unites individuals in a mutually beneficial relationship
where mentor and mentee might evolve into co-mentors, or they might start out as peers.
In group mentoring, three or more people challenge and support one another’s growth, and
they may mentor across differences. Peer mentoring involves developmental learning that
can be informal or formal; it attracts those who are new to a particular experience or event
and those who have lived through it. The relationship context is an activity-based learn-
ing environment that typically involves rigorous programs like STEM. The relationship
fosters engagement, collaboration, communication, support, and risk taking without the
hierarchical element. For the case of multilevel mentoring, this refers to mentoring across
organizational levels. Finally, cross-cultural relationships within diverse environments are
nurtured by cultural mentoring.

On the other hand, the benefit of mentoring is clearly recognized in numerous sources,
and mentoring is considered as a mutually beneficial relationship that provides mentees
and mentors with benefits that span from personal satisfaction to career advancement [7–9].

Additionally, mentoring has been recognized as an influential mechanism in the
professional development of the mentee—commonly related to the mentor’s identity—
who sees the mentor as a role model, which in turn is a factor that has been identified and
associated with successful professional development [10]. The role model in mentoring has
been defined by Gibson as a construct based on attributes of people with social roles that
an individual perceives as similar to himself, where he wishes to increase his similarity by
emulating those attributes. About the role model and career stage, Gibson also found that
in the early career-acquisition stage, individuals work on a viable self-concept emulating
others, using positive, close role models and a range of attributes in the construction of the
professional identity [11].

For this reason, “role models” are often seen as one of the most promising avenues
to reduce the gender gap in science, technology, engineering, and mathematics (STEM)
areas [12], because individuals seek others with some similarities; they are informative for
making accurate self-assessments and can be inspirational for self-improvement [13]. For
example, in an organizational context, if women do not see other women in high positions,
they may perceive that there is no one to emulate. This is why in mentoring programs, such
as Technovation Girls [14] where young women mentors guide teams formed of younger
women to solve a problem in their community using a mobile application, it is crucial that
the role model is represented by and for young women.

Several studies have identified the mentoring benefits in mentees and how female men-
tors help to improve the mentees’ academic achievement and enrollment in STEM [15,16].
However, only a few studies address the mentoring benefits from the mentor’s perspective
and how this mentoring process allows them to perceive themselves as female role models,
as well as their STEM engagement.

Therefore, the present study addresses the premise that a mentor can become a female
role model and that mentoring can reinforce her vocation in STEM areas or bring her close
to them. In addition, the analysis was performed by using data-mining techniques, which
are a new approach to address this kind of research, in the context of a formal, peer, and
electronic mentoring program.

2. Materials and Methods
2.1. The Mentoring Program

Based on our hypotheses and in order to analyze the results from a gender perspec-
tive, it was decided to perform this study over women who have provided mentoring,
specifically, mentors of the Technovation Girls program.
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Technovation Girls [14] is a global program that aims to empower girls to become
leaders, creators, and problem-solvers. In this program, girls’ teams between 10 to 18 years
old choose a problem from their community and propose a solution using technology,
specifically mobile apps. This is a formal mentoring program where teams are guided by
mentors, most of whom are adult women that help with the organization of the proposal in
addition to giving feedback and providing encouragement and model persistence, courage,
and creativity on a challenging program.

This mentoring program is developed in two ways; in one side, there is a structured
program of 12 weeks where mentors and mentees attend weekend workshops on soft and
technical skills that are helpful for the accomplishment of their projects, such as design
thinking, pitching, business modeling, marketing, programming, databases and artificial
intelligence, and video production, among others. Moreover, there are activities and
materials scheduled for deliverables achievement.

Considering the world pandemic situation, the last season (2020–2021) training process
was implemented in a virtual manner; however, since 2017, the University Center of Exact
Sciences and Engineering (CUCEI) had been working on this mentoring program in a
face-to-face mode, through the interactive workshops.

On the other side, informal mentoring is also applied during the week when the
mentor and the mentees work on their project; in this regard, the amount of time and
the type of interaction (electronic or face-to-face) is optional and is decided inside of
each group.

2.2. Questionnaire Design

In order to identify the benefits of mentoring for the persons who provide it, as well as
the impact it has on the perception of STEM areas, a survey was conducted among women
who provide or have provided mentoring.

The survey consisted of 31 questions divided into 6 sections: general data, soft skills,
technical knowledge, role model perception, STEM perception, and general perception.
The following section describes the questions developed and their details for each section.

2.2.1. General Data

This section included questions for the interviewed about their academic data and
general data about their mentoring. It is important to mention that in order to maintain the
privacy and confidentiality of the information, no sensitive personal data was collected,
such as names or emails. Table 1 shows the questions included in this section as well as the
data type and value range.

Table 1. Questions for the survey in the general data section.

Id Question Data Type Value

1 How old are you? Numeric 18–60

2 What is your academic degree? Categorical High school, bachelor’s,
master’s, doctorate

3 What is your career or professional area? Categorical Open

4 How many years have you been a mentor? Numeric 1–10

5 How many hours per week do you dedicate or
did you dedicate to mentoring? Numeric 1–10

2.2.2. Soft Skills

Several authors mentioned that soft skills are one of the benefits or skills that mentors
develop [17–19]. Therefore, to verify the benefit of mentoring in the acquisition of these
skills, the questions in Table 2 were included.
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Table 2. Questions for the survey in the soft skills section.

Id Question Data Type Value

6 What skills do you consider necessary to
develop or improve mentoring?

Categorical:
multiple

Leadership, organization, empathy,
motivation, communication, other

7 Do you consider that you have acquired or
improved any of these skills by being a mentor? Categorical Yes, no

8 At the beginning of your mentoring, what
leadership level do you consider you had? Categorical Null, low, average, good, outstanding

9 At the beginning of your mentoring, what
organization level do you consider you had? Categorical Null, low, average, good, outstanding

10 At the beginning of your mentoring, what
empathy LEVEL do you consider you had? Categorical Null, low, average, good, outstanding

11 At the beginning of your mentoring, what
motivation level do you consider you had? Categorical Null, low, average, good, outstanding

12 At the beginning of your mentoring, what
communication level do you consider you had? Categorical Null, low, average, good, outstanding

13 At the end of your mentoring, what leadership
level do you consider you had? Categorical Null, low, average, good, outstanding

14 At the end of your mentoring, what organization
level do you consider you had? Categorical Null, low, average, good, outstanding

15 At the end of your mentoring, what empathy
level do you consider you had? Categorical Null, low, average, good, outstanding

16 At the end of your mentoring, what motivation
level do you consider you had? Categorical Null, low, average, good, outstanding

17 At the end of your mentoring, what
communication level do you consider you had? Categorical Null, low, average, good, outstanding

2.2.3. Technical Knowledge

To identify whether mentoring provides benefits related to the acquisition of new
knowledge or technical skills, Table 3 presents the questions included in the survey related
to the topic.

Table 3. Questions for the survey in the technical knowledge section.

Id Question Data Type Value

18 What expertise do you consider necessary to
perform or improve mentoring?

Categorical:
multiple Open

19 Do you consider that you have acquired new
technical knowledge by being a mentor? Categorical Yes, no

20 If you answered yes to the previous question,
what technical knowledge have you acquired?

Categorical:
multiple Open

2.2.4. Role Model Perception

To analyze the mentors’ perception as role models, the following questions (see Table 4)
were included in the survey.

2.2.5. STEM Perception

In order to analyze the mentors’ perception related to their closeness or reinforcement
of the STEM areas, the questions in Table 5 were included in the survey.
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Table 4. Questions for the survey in the role model perception section.

Id Question Data Type Value

21 Do you consider yourself a female role model? Categorical Yes, no

22 If you answered yes to the previous question, why do you consider
yourself a female role model? Categorical Open

23 If you answered no to Question 21, What would you need to
consider yourself a female role model? Categorical Open

Table 5. Questions for the survey in the STEM perception section.

Id Question Data Type Value

24
If you belong to STEM areas, do you consider that being a mentor

reinforced your vocation in STEM areas? Otherwise, do you
consider that being a mentor brought you closer to the STEM areas?

Categorical Yes, No

25 If you answered yes to the previous question, specify why. Categorical Open

2.2.6. General Perception

Table 6 shows the questions designed to analyze the interviewee’s perception related
to their performance as mentor, as well as her experience.

Table 6. Questions for the survey in the general perception section.

Id Question Data Type Value

26 What skills or strategies do you think worked for you in
your mentoring?

Categorical:
multiple

Commitment, motivation,
organization, communication, other

27 What would you improve about your mentoring? Categorical:
multiple

Spending more time, improving
organization, improving

communication, more monitoring,
learn new things, nothing, other

28 Did bring you benefits to being a mentor? Categorical Yes, no

29 If you answered yes to the previous question, what are
the benefits it has brought you? Categorical Open

30 What impact has being a mentor had on your daily life? Categorical Open

31 Would you like to write a special comment or
observation about your mentoring activity? Categorical Open

2.3. Data Acquisition

To collect the information, the survey was implemented using Google Forms. Because
CUCEI has been working with this program since 2017 [20], and because we have the
contact information of the mentors, the survey was disseminated directly through email,
obtaining 43 answers. It is important to mention that most of the mentors that answered
the survey participated last season in Technovation Girls; so, the mentoring type performed
by them was formal, peer, and electronic.

2.4. Data Pre-Processing

In order to carry out the different analyses of this work, and due to the fact that the
answer domain of several questions was open, the preprocessing or data cleaning was
performed as follow:

1. Data Cleaning

The data cleaning was achieved by capitalization treatment, punctuation marks elimi-
nation, and correction of grammatical errors. In addition, a dimensionality reduction was
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performed by eliminating attributes or questions with low variability, which, in this case,
was applied to questions with IDs 7, 19, 21, and 28, considering a threshold of 20% of
different answers.

2. Codification

Some questions had the possibility of choosing or specifying more than one answer;
as a consequence, a transformation was carried out by one-hot codification, which consists
of separating the values of each answer considering each of them as a different binary
attribute, where 1 indicates the presence of the value in the response of an interviewee, and
0 represents the absence of the value. For example, in the question, “what skills do you
consider necessary to develop or improve mentoring?” six answer options were possible:
leadership, organization, empathy, motivation, communication, and other; each one of
these were transformed into six attributes as shown in Table 7. This step was applied to
the multiple categorical questions with IDs 6, 18, 20, 26, and 27. It is important to mention
that Questions 18 and 20 had an open value range, so the number of coded attributes
corresponds to the single answer options indicated by the interviewees, with a total of 60
and 38 attributes, respectively.

Table 7. Example of codification for a multiple categorical question.

Interviewee Leadership Organization Empathy Motivation Communication Other

1 1 0 1 1 1 0
2 0 0 1 1 1 1
3 1 1 1 1 1 1

. . . . . . . . . . . . . . . . . . . . .
43 1 1 1 0 0 0

3. Generalization

This process consists of replacing low-level data with high-level data using a hierarchy
of concepts [21] (pp. 117–119). In this work, the generalization of the corresponding
answers to the questions with IDs 3, 18, and 20 was carried out, because these questions
were an open option type, and their range of values was wide. Table 8 shows the number
of initial and final values of this process for each of the questions and the final value range.

Table 8. Generalization of attributes with wide value range.

Question Id Unique Initial Answers Generalized Answers Value Range

3 21 10
Biomedical, computer science, education,

electronics, industrial, informatics,
nanotechnology, psychology, chemistry, robotics

18 60 10
Programming, business, marketing, design,

video editing, drafting, English, project
management, digital tools, other

20 38 10
Programming, business, marketing, design,

video editing, drafting, English, project
management, digital tools, other

4. Transformation

In order to perform the statistical and data-mining analyses, the transformation
process was performed on the questions with IDs 8 to 17, consisting of converting the
ordinal values to the numerical range, preserving the order, based on Equation (1).

Z′ i =
zi − 1
|Z| − 1

(1)
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where Z = {null→1, low→2, average→3, good→4, outstanding→5}, i.e., Z = {1, 2, 3, 4, 5}
resulting in Z’ = {0, 0.25, 0.5, 0.75, 1}.

2.5. Data Processing

In order to analyze the different perspectives on the benefits of mentoring, several
analyses were carried out using two different approaches: statistics and data mining, which
are described below.

2.5.1. Statistical Analysis

Questions corresponding to general data (1 to 6), soft skills (8 to 17), and technical
knowledge (18 and 20) sections were analyzed from a statistical perspective, and no extra
processing was needed. The results of this analysis are shown in the following section.

2.5.2. Data-Mining Analysis

Three analyses were performed corresponding to the mentors’ perceptions regarding:
(a) as female role models, (b) the influence of mentoring on their reinforcement or closeness
to STEM areas, and (c) their general perception of mentoring. Each of these is described
as follows.

(a) Role model perception

This analysis was based on the following question: “why do you consider yourself a
female role model?” Because the response was open-ended, we chose to implement a word
cloud in order to graphically show those words that were most frequently used to describe
the reasons for their consideration. For this purpose, all responses were considered as a
bag of words. Subsequently, non-content words (such as articles, pro-names, etc.) were
eliminated, and lemmatization of the remaining words was carried out to obtain the base
form of the words—for example, the lemma of “studied” is the word “study.” In addition,
a manual cleaning process was performed by an expert. Finally, Jason Davies’ program [22]
was used for word-cloud image generation.

(b) STEM perception

Due to the fact that the Technovation Girls program is strongly related to STEM areas,
and because all the mentors surveyed participated in this program, questions with IDs 24
and 25 were added to the questionnaire to analyze if being a mentor brings them closer
to or reinforces their vocation in these areas. Additionally, for in-depth analysis and in
order to automatically determine the characteristics related to female mentors who are
attracted to STEM areas against those who are not, a classification model was generated
using decision trees. A decision tree is a kind of map showing the criteria included in
an algorithm to decide whether an instance or subject belongs to a class or another [21]
(pp. 330–332). Specifically, in this case, the class was “STEM reinforcement” for mentors
who expressed that mentoring brought them closer to or reinforced their vocation in STEM
areas, and “no STEM reinforcement” for those that expressed the opposite; so, the decision
tree allowed us to automatically find the characteristics or attributes that define both classes.
To evaluate the performance of the generated model, the F1-score and the classification
accuracy were used [21] (pp. 364–369).

For this purpose, two approaches were performed: in the first one, general data were
considered as attributes (age, education level, professional area, years of mentoring, and
hours spent in mentoring) and those related to Question 26 about the soft skills that they
consider worked for them in their mentoring (commitment, motivation, organization, and
communication); in the second case, only the attributes of soft skills were considered,
removing those corresponding to general data. In both cases, the question with ID 24
was considering the class or target attribute. To obtain the decision trees, the Orange
data-mining program [23] was used.
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(c) General perception

“Sentiment analysis aims to automatically uncover the underlying attitude that we
hold towards an entity” [24]. Currently, sentiment analysis in text, also known as opinion
mining, is used to evaluate customer satisfaction or to analyze the perception of a brand.
In order to observe the general perception of the mentor’s experience, a study based on
sentiment analysis and taking into consideration Question 31 was performed. For this
purpose, the following steps were applied: text preprocessing, English translation, and text
categorization, as described below.

Text Preprocessing: In order to determine the positive or negative polarity of a text,
all empty answers were eliminated; afterward, emoticons were eliminated, and punctu-
ation marks were correctly formatted. If a comment contained several sentences, it was
considered as part of the same answer, separated by a point.

English Translation: Given that the mentors’ comments were written in Spanish and
that many of the sentiment analysis tools are trained for the English language, a translation
of the comments into English was applied. For this, the Google Translation tool was
used [25], and a subsequent review by an expert was performed.

Text Categorization: In order to calculate the emotional polarity and to determine if
the mentors’ comments are positive, negative, or neutral, sentiment analysis was applied by
the Text Analytics platform [26]. This tool uses deep learning methods for natural language
processing; in general, each sentence is divided into tokens or words and represented as
a tree structure. A pre-training learning model based on real user, product, and service
feedback was used by the Text Analytics platform to obtain the final score.

3. Results and Discussion

The survey was applied to mentors of the Technovation Girls program obtaining 43
answers, and the results are presented according to the different sections of the survey.

3.1. General Data

Figure 1 shows the age distribution of the 43 mentors in four equal-width bins, with a
width equal to 7.
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Figure 1. Age distribution of the 43 mentors.

The minimum age was 18, and the maximum age is 46. As can be observed, most of the
mentors were under 25 years of age, which is because the program in which they participate
as mentors is carried out at the University of Guadalajara, and the career students are
constantly invited to participate. Therefore, most of the mentors’ educational level was
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a bachelor’s degree, with a frequency of 35, while for high school education, master’s
degrees, and doctorate degrees, it was 3, 4, and 1, respectively.

Regarding how long they have been mentors, 27 of them expressed that they have
only been participating for 1 year; 10 mentors have been participating for 2 years; 4 have
participated for 3 years; and only 2 mentors have participated for 4 years.

The average hours spent mentoring was 5.6 h; this is due to the fact that mentors must
follow up with the teams’ work during the week, and they also must attend the training
workshops on Saturday.

Finally, related to the mentors’ professional areas, and, as mentioned in the generaliza-
tion section of the methodology, the careers were grouped into 10 professional areas, and
their distribution is shown in Figure 2.
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Figure 2. Distribution of the 43 mentors according to their professional area.

As can be observed, most of the mentors have a background in computer science or
informatics. This can be related to the main goal of the program in which the mentors
participate, which is the developing of a mobile application; so, many of the students from
these careers register to the mentoring program, due to the fact that they have the technical
knowledge to provide advice to their teams in the programming part, and, although
students from all careers are generally invited, there is a stronger promotion of the program
in these areas.

3.2. Soft Skills

In terms of soft skills and with respect to the question with ID 6 (“what skills do you
consider necessary to develop or improve mentoring?”), the corresponding results are
shown in Figure 3, wherein general mentors considered that all soft skills are required for
the mentoring process.



Sustainability 2021, 13, 12938 10 of 19

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 20 
 

 

 

Figure 2. Distribution of the 43 mentors according to their professional area. 

As can be observed, most of the mentors have a background in computer science or 

informatics. This can be related to the main goal of the program in which the mentors 

participate, which is the developing of a mobile application; so, many of the students from 

these careers register to the mentoring program, due to the fact that they have the tech-

nical knowledge to provide advice to their teams in the programming part, and, although 

students from all careers are generally invited, there is a stronger promotion of the pro-

gram in these areas. 

3.2. Soft Skills 

In terms of soft skills and with respect to the question with ID 6 (“what skills do you 

consider necessary to develop or improve mentoring?”), the corresponding results are 

shown in Figure 3, wherein general mentors considered that all soft skills are required for 

the mentoring process.  

  

Figure 3. Soft skills required for mentoring according to the mentors’ criteria. 

0

2

4

6

8

10

12

14

Fr
eq

u
en

cy

Professional Area

0

5

10

15

20

25

30

35

40

45

Leadership Organization Empathy Motivation Communication

Yes

No
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It is important to note that the soft skill that is considered to be most needed by
mentors is “organization” with 39 positive responses, and the skill that is considered
least necessary is “motivation” with 17 negative responses. The latter result is interesting
because several authors mention that motivation is an important factor in mentoring [27,28],
and it is also fundamental to mentors’ development [29]; at the same time, motivation is
one of the most difficult elements to maintain in the learning process of students [30].

In the study “the role of the mentor in a university mentoring process” [31], it is
explained that both the mentor and the mentee are benefited from a mentoring process,
but it is the mentor as the one who benefits the most in terms of skills development. In
order to identify the benefits acquired regarding soft skills, the mentors participating in the
study were asked if they considered having acquired or improved any of the soft skills by
being a mentor (Question 7), and all except one of the mentors considered that they had.
The person who answered “no” was the oldest, which may mean that she has previous
knowledge and experience in her life, so she does not consider that she acquired new skills
or improved existing ones.

In this regard, to analyze the soft-skill progress in mentoring, the answers to Questions
8 to 17, already transformed into numerical values, were considered (see “Transformation”
in Section 2.4 Part 4). Most of the mentors showed progress in at least one skill, and only
three of them considered that they did not make progress in any ability. Figure 4 shows the
organization and motivation level in which the mentors considered themselves to be at the
beginning of the mentoring (blue color) and the level in which they considered themselves
at the end of the mentoring (red color). This pair of skills was selected based on the results
related to necessary skills considered by the mentors (see Figure 3), where organization
and motivation skills were selected as the most and the least required, respectively. It is
important to mention that in order to better appreciate the points’ distribution, Figure 4
presents a 1% dispersion of the data. Based on these results, it can be observed that
for both organization and motivation, there is a positive displacement in the data, i.e.,
mentors consider that, in general, they improved these two skills. Specifically, 67% of the
interviewees considered an increase in their organization level, while 72% expressed an
increase in their motivation level.
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In addition, Figure 5 shows the scatter plot of the initial and final level of the mentors
with respect to leadership and empathy skills. These two skills showed the best distribution
according to the average classification accuracy determined by the Orange data-mining
tool [23]. Analyzing individually those skills, 48% of the mentors considered that they
improved their empathy level, while 52% remained at the same level; as for leadership, 77%
of the interviewee considered that they increased their leadership level, and 23% remained
at the same level.
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Finally, with regard to communication skills, 65% of the mentors considered that they
had an increase in this skill, while the rest remained at the same level.

Overall, the results show that four out of five soft skills increased in level, which
is consistent with several authors who mention that these skills are one of the benefits
acquired when mentoring [17–19], and mentoring is one of the best ways to acquire
these [32]. With regard to empathy, which is the only skill that the mentors considered not
to increase in level, this result is interesting because [33] mentions that more empathetic
mentors tend to be more fulfilled with their mentoring. It should be noted that the starting
empathy level of the mentors was high: 72% of them indicated a good or very good level
at the beginning of their mentoring, which suggests that the progress level that they may
have obtained during the mentoring could be not so noticeable.

3.3. Technical Knowledge

Not only are soft skills a benefit for mentors but several studies also mention that
mentoring has a direct or indirect influence on the professional development of the partici-
pants [34,35]. In order to confirm it, Figure 6 shows the results obtained for the questions
with IDs 18 and 20, where the interviewees stated which technical knowledge is neces-
sary for mentoring and which is acquired through mentoring. It can be observed that
mentors considered most of the technical knowledge related to the mentoring program
to be acquirable during mentoring. However, in general, they had the perception that
more knowledge is needed than acquired, which could be due to the majority of mentors
belonging to a professional area related to such knowledge. That is, as mentioned above
(see Figure 2), most of the mentors are related to the computer or informatics area, which
makes them have knowledge related to programming, project management, and digital
tools, so it is possible they did not perceive having acquired this knowledge.
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Figure 6. Technical skills that are considered necessary and acquired by the mentors.

Another interesting point, and to some extent anticipated, is that most of the intervie-
wees believe that programming is required in mentoring; this is because the main goal of
Technovation Girls is for teams to develop a mobile application. In addition, it is important
to note that, even when Technovation Girls was performed in the electronic format last
season, and most of the interviewee mentors provided this type of mentoring, only some
of them considered it necessary to have knowledge in digital tools.

On the other hand, it is noticeable that in terms of video editing and businesses,
the mentors stated that the knowledge acquired was greater than what they considered
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necessary. This could also be related to the professional area of the interviewees and the
mentoring program goal, since the program also has a strong focus on the monetization of
the project, which involves both marketing and businesses, and the mentors are trained to
learn about these areas, even when they do not belong to these areas.

Finally, it can be observed that English and drafting skills are necessary but not
acquired during the program. This is an important point for reinforcement during the
mentoring preparation process.

3.4. Role Model Perception

To analyze the mentors’ perceptions of themselves as female role models, Questions
21 to 22 were taken into account and followed the methodology of Section 2.5.2.; 88% of
the interviewees stated that they considered themselves to be female role models. Some of
the most frequent characteristics attributed to being such were those related to the ability
to motivate the mentee, dedication, effort, and passion, among others, as shown in the
following word cloud (Figure 7), which allowed us to observe the recurrence in the answers
of the participants and establish them as premises for the construction and reinforcement
of the relationship and identification between the mentor and the mentee (role model) [11].
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On the other hand, the 12% remaining considered personal motivation and insecurity
as the factors that prevented them from being a female role model. This result may be
related to the fact the women have a perception of lower self-efficiency and less effective
personalities than men, even in stereotypically feminine careers [36]. However, this minor-
ity maintains to have benefited from mentoring, shaping skills they consider necessary to
be a female role model.

3.5. STEM Perception

As mentioned in the “Materials and Methods” section, a data-mining analysis was per-
formed to automatically determine the characteristics of female mentors whose mentoring
attracted them to STEM areas or who perceived that mentoring reinforced their vocation
in these areas. Figure 8 shows the decision tree generated for classification considering
as attributes the general data and the soft skills that the mentors applied during their
mentoring; this model presented an F1-score of 75% and a classification accuracy of 63%.
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As can be observed in Figure 8, the professional area was the most important charac-
teristic considered by the generated model to reinforcement or approach to STEM areas;
mentors related to professional areas such as biomedicine, education, psychology, robotics,
industry, and chemistry reported having a greater approach to STEM areas. On the other
hand, in the cases of mentors related to computer science and informatics, other factors or
characteristics such as applied motivation, age, and spent hours intervened. These results
are interesting because they show that there is a relationship between the profile of the men-
toring program and the mentors’ professional area, and this, in turn, influences whether
they feel attracted to or reinforce their STEM vocation. That is, the program in which the
mentors participate is closely linked to the areas of programming and entrepreneurship,
and the generated model shows that mentors outside these areas are attracted to or rein-
force their STEM vocation; this could be because during the program the mentors learn new
and challenging things, generating motivation and at the same time interest in them. On
the other hand, with respect to mentors related to the area of the mentoring program, the
model shows it is necessary to take into account other factors—for example, the younger
computer science mentors (less or equal to 23 years old) reinforce their vocation, while the
older ones do not perceive a vocation reinforcement. This result is consistent with what is
presented in [37], which mentions that young mentors obtain a better perspective of STEM
areas and what they can achieve.

The results of the model in Figure 8 focused mainly on the professional area of mentors,
given that several authors related mentoring to soft skills [17–19], and there do not appear
to be any state-of-the-art studies that consider the professional area as an important factor.
The second analysis was performed by eliminating the general data attributes and retaining
only the soft skills that the mentors believe worked for them in their mentoring. Figure 9
shows the classification model generated for this second analysis, with an F1-score of 79%
and a classification accuracy of 65%. Based on the decision tree shown in Figure 9, it can be
observed that motivation, commitment, and organization are the main factors for mentors
to approach or strengthen their vocation in STEM areas. Therefore, these results show soft
skills are not only an acquired benefit by the mentors [38] but they also bring them closer
to the mentoring program, which in this case is closely linked to STEM areas.
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3.6. General Perception

In order to identify the general perception of the mentors regarding the benefits
obtained and their experience within the mentoring program, two analyses were carried
out: (a) the first from a qualitative perspective, considering the questions with IDs 29
and 30 corresponding to the benefits and impact of mentoring and (b) the second from
a quantitative perspective, considering the question with ID 31 corresponding to the
experience of the mentors.

Regarding the first approach, the analysis of the answers allowed to identify that
some of the benefits related to the mentors of Technovation Girls program were the oppor-
tunity of reviewing some conceptual knowledge acquired before, the chance to develop
interest and encourage young girls to study a STEM career, and also the near and trusting
relationship accomplished with the mentees. These findings are in line with the findings
of Colvin et al. [39], Ehrich et al. [40], and Kalpazidou et al. [41] who studied, among
others, the benefits of peer-mentoring relationships in higher education. Interestingly, the
mentors also related other benefits like the development of soft skills such as empathy
and sociability, personal satisfaction, the improvement of leading, and the discovery of
themselves as role models for other girls.

On the other hand, related to the second approach, processing based on sentiment
analysis was applied in order to determine the emotional charge or polarity expressed
in the final comments of the questionnaire (see Section 2.5.2 Part c). Table 9 presents the
sentiment score and magnitude for each comment; because this question was optional, only
26 mentors answered. The sentiment of each comment in Table 9 was categorized according
to the following: negative ([–1, –0.25]), neutral ([–0.25, +0.25]), and positive ([+0.25, 1]). The
magnitude is the volume of sentiment expressed regardless of sentiment polarity, and it
can be used to detect the strength of emotions or fine-tune sentiment polarity. It ranges
from 0 to ∞.

Figure 10 shows the frequency distribution of the comments according to the score
range. From the results obtained with the sentiment analysis, it can be observed the most
of the mentors expressed positively their experience in the mentoring program.
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Table 9. Sentiment scores and magnitude, obtained from the mentors’ comments about their experience in the mentor-
ing program.

Comment Id Sentiment Sentiment
Score Magnitude Comment Id Sentiment Sentiment

Score Magnitude

1 Positive 0.663 0.83 14 Positive 1 0.999
2 Negative −0.491 0.616 15 Neutral 0.167 0.33
3 Positive 0.586 0.672 16 Positive 0.749 0.998
4 Positive 0.749 0.998 17 Positive 0.619 0.738
5 Neutral 0.143 0.429 18 Positive 0.64 0.835
6 Neutral 0.123 0.506 19 Neutral 0.16 0.362
7 Positive 0.61 0.737 20 Positive 0.55 0.648
8 Neutral 0.169 0.323 21 Positive 0.644 0.814
9 Neutral 0.217 0.131 22 Negative −0.548 0.633
10 Positive 0.619 0.737 23 Positive 0.69 0.885
11 Positive 0.697 0.897 24 Neutral 0.147 0.413
12 Positive 0.64 0.835 25 Positive 0.684 0.872
13 Neutral 0.138 0.448 26 Neutral 0.160 0.36
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4. Conclusions

We performed quantitative and qualitative analyses of the benefits of young women’s
mentors in STEM programs. The study was done through data-mining techniques, iden-
tifying the following main benefits acquired by the mentors as part of voluntary peer
accompaniment activities: the development of “soft skills” (like leadership, motivation,
organization, and empathy) and the acquisition of multidisciplinary knowledge. In both
cases, we conclude that both benefits extend beyond the mentoring period and strengthen
the mentors’ identity in their professional training areas.

For our analyses, the novel application of quantitative tools to study benefits, percep-
tions, and feelings related to mentoring was essential, contributing to a general panorama
of the problem (namely, the lack of more women in STEM areas) and its possible solutions.

Firstly, concerning motivation skill, the data showed that the mentors do not con-
sciously perceive it as necessary for the optimal development of mentoring. However,
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indirectly and through a word-cloud analysis, the mentors placed motivation as a pri-
ority skill that reinforces the empathetic approximation to girls and young women in
STEM areas.

On the other hand, through our qualitative analysis, we recognized that the lack of
motivation is related to the reluctance of the mentors to identify themselves as role models.
In this sense, it is necessary to reinforce motivation as a means of empowerment so that
mentors are recognized as female role models capable of inspiring new generations of
women to join STEM areas and thus reducing the gender gap.

Based on the sentiment analysis focused on the general perception of mentoring, it
is possible to conclude that the mentors’ experience is mostly positive, which could be a
consequence of the received benefits.

Finally, it is worth mentioning that this work presented a novel application of data
mining and sentiment analysis to analyze quantitatively the benefits, perception, and STEM
reinforcement related to mentoring.
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