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Abstract

The article discusses the issue of career and motherhood of female scientists, which is part
of a broader thematic area known as Work-Life Balance. The theoretical part refers to the
social role theory and the mutual influence of work and career on family and motherhood.
The situation of women scientists is presented, for whom fulfilling the role of a mother is an
important, although natural barrier on the road to a scientific career. Previous analyses pres-
ent in the literature revealed that for the vast majority of mothers-scientists, motherhood is a
factor that significantly delays their plans related to the development of a scientific career.
The paper presents the results of empirical research conducted on the basis of classical
academic methodology. Then, based on the data obtained from 334 mothers-scientists, an
innovative, multidisciplinary experiment using data mining solutions was conducted, to
answer the research question: Is the basket analysis tool able to find possible correlations
between the factors characterising the respondents, and the types and dimensions of con-
flict occurring between scientific career and motherhood they experience? The paper shows
that, according to the study results, most respondents declare they indeed experience the
conflict between the roles of a mother and a scientist. The most frequently declared dimen-
sion of the conflict is the time-related one, then subsequently the emotional dimension, and
lastly the financial dimension; many scientists declare they experience more than one
dimension of conflict. Lastly, the basket analysis tool objectively confirmed the occurrence
of correlations between the factors characterising the respondents and the types and dimen-
sions of conflict occurring between scientific career and motherhood.

Introduction

Both women and men take on and perform a variety of roles in society. Women generally
function within two main social roles: family and work-related ones. The former includes the
mother/maternal role and the latter is related to work and career—in the case of the female sci-
entists, to a scientific career.

Family and professional roles of women are often considered in parallel, in order to high-
light the difficulties and problems faced by professional women. In the modern world, work
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has become a type of activity which colonises ever broader areas of life. On the one hand, it has
become a space of emancipation and self-realization, especially for women; on the other hand
—a field of intersection and conflict of various social roles. Work and career do have a consid-
erable influence on family life and motherhood, as they are connected with lifestyle decisions,
individual choices and professed values.

Female scientists are a professional group that seem to experience various forms of the con-
flict between their family and professional roles; however, not many studies of this issue have
been conducted yet. Thus, the authors of this paper wished to scrutinize whether the female
scientists employed at academic institutions in Poland in fact experience the conflict between
scientific career and motherhood. They also examined what the dimensions of the conflict
between academic career and motherhood are, according to the surveyed women employed at
academic institutions in Poland. Lastly, in the course of an interdisciplinary experiment, they
employed a data mining technique to analyze the obtained data again.

The main contribution of this paper, which presents answers to three research questions
(the aim of the study was achieved), is that apart from the classical academic methodology, i.e.,
the following methods: critical analysis of the literature, diagnostic and statistical survey, it has
used multi- and interdisciplinary methodology supported by data mining techniques. The
combination of traditional academic research methodology with the use of data-mining tools
created an innovative and original experimental setup. In order to make the study replicable,
the specific setup and description of the dataset is given. The presented experiment with the
use of the data-mining technique is innovative, as no attempts to apply the so-called basket
analysis to the issues of women’s careers and motherhood have been reported to date. This
study was the first of its kind in Poland. Also, no data on similar studies from other countries
in the world have been found.

This paper is structured as follows: firstly, the extensive background and the theoretical
framework for the study is presented, based on a literature review. Then, the experimental
setup and study design are given. Subsequently, the paper presents the results of the first part
of the study, followed by the basket analysis of the obtained data. The paper closes with a dis-
cussion of the results and the final conclusions.

Background and theoretical framework

The social situation of the women scientists that are discussed in this article seems to be spe-
cific. Scientific career is a type of professional career. Even a brief review of the most important
literature on this issue indicates the disproportion in reaching its highest stages, compared to
men. The reason for this state is mainly motherhood. According to the literature search:

« For the vast majority of mothers-scientists, motherhood is a factor that significantly modifies
(delays) their plans related to the development of a scientific career [1];

o Motherhood is the most important factor causing women to withdraw from scientific
careers or limiting their pace [2];

« Women scientists’ decisions to procreate are often postponed for years, especially after
obtaining a doctoral or postdoctoral degree, which often means embarking on late mother-
hood with the risk of adverse consequences [3];

« Women who are successful in science and have achieved a stable position in academia are
more likely than men to be single and childless [4].
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Fig 1. Theoretical framework for the study.
https://doi.org/10.1371/journal.pone.0276201.9001

As shown later in the paper, although the number of women in Europe pursuing scientific
careers is slowly increasing, they are still significantly underrepresented and their potential is
not fully recognized and valued. This situation also applies to Poland.

Female scientists are an example of a professional group that pays a high personal price for
the pursuit of professional ambitions—many of them are childless, and/or divorced, and sin-
gle. Many of them choose not to become mothers for fear that they will not be able to cope
with the pursuit for a PhD or a postdoctoral degree. Since in Poland every fourth mother-sci-
entist indicates that family responsibilities are a hindrance to a scientific career (according to
the study “Careers of young scientists” [5, 6]), this article adopts the thesis that motherhood
may be a factor delaying the development of women’s scientific careers, i.e. it may hinder
them and be an obstacle to their professional work at universities or colleges. The aim of the
empirical study was to determine the type and dimensions of conflict occurring between the
field of scientific career and motherhood among female researchers employed in academic
universities.

The theoretical framework behind the study has been presented in Fig 1:

The conflict of the mother-scientist roles and its dimensions

It was assumed that the conflict of the mothers carrying out scientific, research and teaching
activities can be described as "the conflict of the mother-scientist roles".

Such a formulation was already used in the study entitled "Functioning of mothers of scien-
tists in the area of family and professional life" [7]. This conflict was defined as a situation
occurring when the demands placed on a woman by her scientific work and by raising a child
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in the role of a mother make it impossible for a given woman to fulfil the goals set for a scien-
tist (meeting the formal conditions of work at a university) or, respectively, being a mother
(e.g., providing a livelihood, creating a safe place for growth both physically and emotionally,
creating and maintaining a relationship with the child developing towards respect and trust).
The mother-scientist role conflict highlighted in the cited publication relates to the following
three dimensions:

1. the time dimension, which includes lack of time to conduct scientific research; physical and
psychological exhaustion related to child rearing; child-related responsibilities significantly
limiting time for scientific work;

2. the financial dimension, which refers to the increased financial needs associated with an
additional family member; abandonment of research in favour of teaching work; insuffi-
cient satisfaction of financial needs;

3. the emotional dimension, which refers to the stress of reconciling professional and domes-
tic responsibilities; frustration at the overlapping of the roles of a mother and a scientist, the
lack of time to build a relationship with the child, the pain of being separated from the child
[7].

It is worth noting that the above-mentioned review of the literature on this issue indicates
only a few comprehensive studies on the scientific careers of women and their motherhood as
well as studies containing statistical data depicting the scale of the phenomenon of the conflict
between the roles of mother and scientist (which the authors describe in greater detail further).
So far, science has dealt only marginally with the impact of motherhood on the careers of
women scientists, as well as with the effects of this impact from the point of view of both the
scientists and the universities that employ them. Therefore, any attempt to include this issue in
the scientific discourse is legitimate and necessary—especially in the form of scientific studies
based not only on theoretical analyses, but primarily on the results of empirical research—and
this is the case with this article. The presented research results are significant as they allow one
to learn about the situation and experiences of female scientists in the context of combining
motherhood and scientific career; to show their perspective. Importantly, the situation of
women in academia in Poland is comparable to that of women in other European countries,
which is discussed further in the article. Therefore, the results presented in this paper consti-
tute a basis for further research analyses conducted by the authors in this problem area and
may serve as a source of inspiration for other national and foreign researchers, e.g. in the field
of identifying solutions limiting the conflict between the roles of mother and scientist that can
be implemented at universities and support women in combining scientific development with
fulfilling their parental role. Continuation of the research is needed especially due to the phe-
nomenon of women disappearing/leaking out at successive stages of scientific careers ("leaky
pipeline") and thus limiting the waste of their potential and talents. The presence of women in
the sector of science and higher education, including in positions which enable making impor-
tant decisions, is necessary to maintain the effectiveness of the education and science system,
as well as to maintain high standards of scientific research. Therefore, it is necessary to diag-
nose the combination of a scientific career and motherhood not only on a national, but also on
a European scale, and to introduce supporting solutions, requiring the needs of female scien-
tists and mothers-researchers to be taken into account by the universities employing them.

The main areas among which adults divide their time and energy are work, family and par-
enthood. The number of people involved in the daily negotiation of responsibilities in many
spheres of life is increasing. This applies to both women and men. The phenomenon of the
accumulation of roles in the contemporary world coexists with such demographic, social and
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cultural changes as: the increase in the rate of women’s professional activity; the increase in the
number of families in which both spouses are professionally active; the increase in the number
of single parents; the ageing of societies and the intensification of the need to care for the
elderly; changes in the social roles of women and men; as well as the increase in the standards
of performing professional and family roles. These phenomena are associated with men’s
greater involvement in family life and childcare, women’s greater involvement in professional
work and employers’ greater interest in their employees’ quality of life [8].

The social role theory

According to the social role theory, which has constituted the broadest theoretical framework
for this work, an individual performs a whole set of roles, which is a system generating internal
conflicts and requiring individual mechanisms of tension reduction. If an individual is not
able to cope with the pressures and demands resulting from their set of roles, they may e.g.:

« assign unequal importance to the various pressures and demands of the role and conse-
quently fulfil only some obligations;

« transfer their various responsibilities to others;
o limit or terminate the relationships and relations that are a source of the tension they feel [9-14].

The problem of the conflict between roles emerged more than 50 years ago [15]. Back then,
it was observed that the role demands of participation in a particular organization conflict
with the need to participate in other social groups [16, 17]. Based on this observation, inconsis-
tent pressures within the family and work, mainly affecting women, were identified. It was
found that women who are trying to meet the demands of both roles are subject to constant
tension, as the need to perform one role is an obstacle to the effective performance of the
other. Reconciling work and family responsibilities is a major challenge for many women and
is often a source of conflict, which takes two forms: 1) work versus family (W-F), when the
demands of the work role impede the fulfilment of the primary roles in the family, i.e., wife/
partner and mother; 2) family versus work (F-W), when family responsibilities impede the ful-
filment of the work role [18, 19].

Importantly, nowadays, the demands of family life and work life tend to be increasingly in
conflict, and the interaction between the family process and work and career is by no means of
one-way character. Family circumstances have an impact on what happens in the workplace,
often resulting in impaired productivity. At the same time, family life and maternity issues are
also affected by events in the professional field. The ability to carry out multiple roles can pro-
tect against the negative consequences of overload or conflict, as well as the cumulative side
effects of these. Therefore, different life roles do not have to be mutually exclusive. On the con-
trary, instead of conflict, the phenomenon of facilitation may occur, which means that involve-
ment in one role may facilitate involvement in another. This is because the multitude of
assumed roles increases the possibility of gaining experience in different areas of life, and thus
allows for a conflict-free transition from one form of activity to another. Such flexibility in the
realisation of various social roles is a manifestation of the criterion of a person’s personal
maturity [8, 20, 21].

More specifically, in scientific literature, the issue of social roles, including career versus
motherhood, is mainly referred to the Work-Family Fit; Work-Family Balance; or more
broadly Work-Life Balance [22]. In the process of theoretical analysis of the interaction
between work and career on family and motherhood, two main theoretical perspectives are
adopted: negative impacts and positive impacts [21, 23-25].
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The first perspective is described using terms such as conflict, strain, role conflict, overload,
mismatch, negative radiation. This perspective is conceptualised on the basis of Stevan E. Hob-
foll’s gender role theory [26], and Robert Karasek’s demands-control model [27]. The forerun-
ners of the work-family conflict issue are Jeffrey H. Greenhaus and Nicholas J. Beutell [16, 28,
29], who defined it as inconsistent demands at work and at home, which in effect may lead to
impeded performance of one role by involvement in the other role. These researchers focused
on the impact of work and career on an individual’s functioning in the family, analysing the
conflict between these two areas in three dimensions:

« the amount of time devoted to them, which refers to the time pressure caused by physical
involvement in one role at the expense of the other, as well as the pressure of psychological
involvement when the individual, while fulfilling the other role, still is deep in thoughts
about the matters related to the first one,

the tension dimension, which refers to the situation in which the stress experienced while
performing one of the roles makes it difficult to function effectively in the other role,

« the dimension of behaviour connected with a given role described as the lack of compatibil-
ity of behaviour styles in particular roles.

The second perspective—positive influences—is much less frequently undertaken in
research. It emphasises the mutual reinforcement of roles, the possibility of improving the func-
tioning in one area thanks to undertaking activity in another area. The terms used in this case
are: positive radiation [30]; reinforcement [31]; enrichment [29]; and finally, facilitation [32],
meaning the facilitation of meeting the requirements in a certain area of functioning owing to
the participation in another area, or the situation when the performance of one role becomes
better or easier due to the performance of another role. The positive affect perspective is based
primarily on Sam D. Sieber’s role accumulation theory [31] and Jodn M. Patterson’s concept of
family resilience [33]. It counterbalances conflict by emphasising the social and psychological
benefits of simultaneous participation in work and family life. It also emphasises that engage-
ment in work and career does not exclude engagement in family life and motherhood. Indeed,
it underpins the feeling of success that comes from balancing work and family roles.

Thus, the authors of this paper have asked the question: How do the above theoretical
assumptions apply to the women who pursue a career in science and at the same time are
mothers, actively raising children? The desk research carried out and the available empirical
data indicate that analysing the situation of women scientists requires taking into account the
bidirectional nature of the relationship between motherhood versus scientific career. On the
one hand, the influence of the family is an important factor that shapes aspirations, opportuni-
ties, barriers, constraints and difficulties in career development. On the other hand, scientific
work, with its individualised character, is very sensitive to social and family circumstances.

A scientific career is a specific type of career. It refers to the individual course of professional
life, which concerns people striving to obtain academic degrees: doctor, habilitated doctor
(post-doctoral degree), and its culmination is obtaining the academic title of professor (gaining
it, however, does not end the scientific development). It is a process during which an individual
accumulates scientific and research achievements, but also achievements in teaching and orga-
nisational work, necessary to obtain the indicated degrees and titles. Its perception depends on
a person’s emotional states, interpretation of work-related events, feelings about work experi-
ences, aspirations, expectations, needs, sense of satisfaction and the person’s value system [5].

Although the number of women in Europe pursuing scientific careers is slowly increasing,
they are still significantly underrepresented and their potential is not fully recognized and val-
ued. According to the She Figures 2018 report [34], women represent just over a third (33.4%)
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Fig 2. Share of women in the science and research sector in selected EU countries (2021). Source: She Figures 2021,
after: A. Pépin, Webinar: "Gender equality in European Research, Innovation and Higher Education. How to enhance
scientific excellence through Gender Equality Plans?", 10.03.2022.

https://doi.org/10.1371/journal.pone.0276201.9002

of the total scientific population and their proportion in higher education institutions in
Europe is only 22%. The latest data from the She Figures 2021 report [35] shows a similar per-
centage of 32.8% and a share of 23.6% in the leadership of higher education institutions (refers
to the EU average).

Detailed data in relation to selected EU countries are graphically presented in Fig 2 below:

Data from the She Figures 2021 report also show that although the percentage of women
holding the academic title of professor in the EU is gradually increasing, they constitute only
slightly more than a quarter of the total number of its recipients, as presented in Fig 3.

Thus, in comparison to men, women are less likely to reach the highest stages of the scien-
tific hierarchy in the academic sector (only Romania is balanced in this aspect and Latvia
comes close).

Women as full professors

EU-27 EU-28 EU-28 EU-28
19% 21% 24% 26%

\

2007 . 2013 —— 2016
Latvia: 29% Latvia: 34% Latvia: 41% Latvia: 45% +16pp
Romania: 32% Romania: 30% Romania: 54% Romania: 51% +19pp
Poland: 20% Poland: 23% Poland: 24% Poland: 25% +5pp
Austria: 14% Austria: 20% Austria: 23% Austria: 25% +11pp
Sweden: 18% Sweden: 24% Sweden: 25% Sweden: 28% +10pp

1 She Figures reports (2009, 2015, 2018, 2021)

Fig 3. Percentage of female professors in selected EU countries (2007, 2013, 2016, 2018). Source: She Figures 2009, 2015, 2018, 2021,
after: A. Knapinska, Women in science in Poland. Changing rules of the game, Webinar: "Gender equality in European Research,
Innovation and Higher Education. How to enhance scientific excellence through Gender Equality Plans?", 10.03.2022.

https://doi.org/10.1371/journal.pone.0276201.g003
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Table 1. Table scientific/research and research/research and teaching staff of academic institutions in Poland. Source: compilation by E. Krause, based on the data
provided to the author by OPI PIB (as of 29.01.2018).

Scientific/research and research and MEN WOMEN

teaching staff of academic institutions

Degree/ total % total number % total of 100% | % of those with | number % total of 100% % of those with

title 70320, 100%, 39367, 56, men: the degree/title 30953, 44, women: the degree/title
including including including including including: including:

MA 8354 11.9 4095 5.8 10.4 49 4259 6.1 13,8 51

PhD 35023 49.8 17361 24.7 44.1 49.6 17662 25.1 57,1 50.4

PhD hab. | 17640 25.1 10910 15.5 27.7 61.8 6730 9.5 21,7 38.2

Professor | 9303 13.2 7001 10 17.8 75.3 2302 3.3 7.4 24.7

https://doi.org/10.1371/journal.pone.0276201.t001

In Poland, the situation of women in academia is comparable to that in other countries—
their different political past or cultural differences are not relevant. Despite the political
changes since the beginning of the 1990s, the transition from a centralized to a free market
economy, the rapid massification of higher education, the increasing predominance of women
among students, the percentage of women obtaining higher positions in the academic hierar-
chy is growing very slowly, although steadily. However, in Poland, three times fewer women
reach higher levels of scientific careers than men (only 24.7% of people with the academic title
of professor are women). The higher the scientific degree/title, the fewer women there are
(National Information Processing Institute, National Research Institute 2018). The data has
been presented in Table 1.

As statistics indicate, despite the gender balance in lower academic positions in Poland,
when compared to men, three times fewer women reach higher academic career levels (only
24.7% of the individuals with the academic title of professor are women). One important rea-
son for this disproportion is being a mother. The few studies to date have revealed that for the
vast majority of mothers-scientists, motherhood is a factor that significantly delays their plans
for a scientific career [36]. There is the so-called "hole in the pipeline" phenomenon, i.e. in sci-
ence and higher education with the successive stages of scientific careers/levels in the scien-
tific/academic hierarchy women "disappear"/gradually "leak out"—their number, in
comparison to men, clearly decreases.

Studies on the division of responsibilities in families of scientists (in the USA and in Euro-
pean countries) indicate that most male professors have traditional families, in which it is pri-
marily the female partner who takes care of the care and upbringing of children and taking
care of the household. On the other hand, female professors much more often than their male
colleagues do not have children or permanent partners [37-41]. The researchers emphasise
that the burden of parental responsibilities is not limited to the stage of infancy or early child
development. The number of hours devoted to childcare by female scientists averages 30 hours
per week and remains more or less constant until the age of 50. The average number of hours
worked by American scientists in independent positions is estimated at 50 hours per week. In
the case of the University of California, Berkeley, it is as many as 57 hours. At the same institu-
tion, the total number of hours of work and parental and domestic responsibilities for female
researchers aged 30-50 is as high as 100 hours per week (compared to 86 hours for men).
Meeting the demands of a research career is therefore more difficult for women [42].

Other studies show that 80% of women lecturers at German universities are childless. For
many German female academics, the decision to have a child is seen as an abandonment of
their research career and a longer break to raise children is seen as a hindrance to their career
development. They are convinced that these aspects cannot be reconciled [43].
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Therefore, the high involvement of women in scientific work is associated either with child-
lessness or with postponing the decision to procreate. Female physicists surveyed by Rachel
Ivie were much more likely than male physicists to indicate that research work influenced
their decision to start a family. For the aforementioned University of California, the age at
which female scientists decide to have children is most often 38-40. Given the increasing time
needed to find a stable job, delaying the decision to have children is becoming increasingly
risky. Researchers from the cited University also declare that they have fewer children than
they would like to have. The results of studies on professors working in the departments of
astronomy, physics and biology are similar: women have fewer children than men in the same
positions and would also like to have more children than they have [44]. It can therefore be
emphasised, as Donna K. Ginther and Shulamit Kahn fund out, that although gender does not
directly discriminate against women in science, motherhood does [45].

Starting one’s own family and being a parent can be a constraint or obstacle to women’s sci-
entific careers. This has been confirmed by further studies, including those by Cornelia Law-
son and Aldo Geuna. According to the researchers, the results are universal for all fields of
science and for most countries—female scientists with young children received less funding to
conduct their own research and also obtained lower citation rates than their male colleagues
and childless colleagues in similar positions. The authors of the study emphasise that mothers-
scientists (of young children) find it more difficult to obtain support for their projects or access
to research funding than male scientists [46].

In conclusion, as the analysis of the literature indicates, for the vast majority of mothers of
female scientists, motherhood is a factor that significantly delays their career development
plans and even causes women to leave or slow down their scientific careers [2]; decisions on
procreation are often postponed until years after the completion of the doctorate or habilita-
tion (this means late motherhood with its risk of adverse consequences [3]); women who are
successful in science (in an objective sense) are more likely to be single and childless, which
allows them to focus on their professional life and scientific development [47].

From the data outlined above, it is clear that the costs of reconciling a career in science and
a parental role are high for women. They experience many difficulties in balancing maternity
responsibilities and research.

The mechanisms delaying women’s careers

It is also worth pointing out the main mechanisms of delays in the development of women’s
scientific careers, which may provide an interpretative background for the causes of gender
imbalance in achieving successive stages of scientific careers. The literature on the subject
points to many causes of gender imbalance in science and their different types, e.g. non-insti-
tutional and institutional, among which one can distinguish biological and cultural differences
or historical background [48, 49]. The situation of female researchers in the science and higher
education sector can be analysed in the context of mechanisms determining (limiting, hinder-
ing) women’s professional and scientific careers. They are related to such phenomena as

o glass ceiling [50, 51]—it is a phenomenon describing invisible obstacles standing in the way
of women wishing to advance, and thus hindering their professional careers and associated
with the occurrence of professional discrimination of vertical nature. Women are unable to
climb the career ladder and reach the highest levels of management

o glass cliff [51, 52] —a phenomenon denoting situations in which a woman’s work in a "mas-
culine" (high, decision-making) position (high, decision-making) position is unstable, diffi-
cult to maintain and exposed to constant criticism
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o glass escalator effect [51, 53]—a discriminatory mechanism in the system of science and
higher education, which refers to an invisible force that elevates men to higher levels of pro-
fessional and scientific careers. It functions on the basis of a stereotypical belief that men (as
a group) take decisions and positions that require it more easily and are more suitable for
them than for women

the runaway ladder [49]—this term can be associated with a lack of solidarity among
women. Those who are determined and strong pursue their careers through individual strat-
egies. Men, on the other hand, help, support and employ each other. For example, a female
scientist may be refused employment or promotion by a female superior or a woman of
prominence

glass walls [49, 51]—another type of horizontal occupational discrimination, which means
that women do not have access to prestigious, well-paid jobs, industries or positions, and
therefore find employment in auxiliary sectors

sticky floor [54]—this phenomenon represents situations in which women are "stuck" to
their professions and positions—they dominate in professions with low prestige and low
income, where there are no opportunities for advancement. In relation to female scientists, it
means that more often than their male colleagues they are involved in teaching, which is per-
ceived as less prestigious than conducting research

velvet ghetto [55]—a term used to describe the fact that women are hindered or precisely
prevented from holding managerial and decision-making positions, including positions
related to technical sciences, production, marketing. It is also characterized by disrespectful
treatment of the women holding managerial positions in industries or professions tradition-
ally assigned to men.

These phenomena, present in academic circles, do not facilitate professional advancement of
women in the sector of science and higher education. And as it has already been pointed out in
the article—the higher the level of scientific career, the fewer women there are. Few of them also
reach the highest positions in the professional hierarchy. Thus, women disappear somewhere
"along the way" at different stages of scientific career. It is helpful here to describe further phenom-
ena such as the “magic vanish box” and the leaky pipeline. These terms are related to each other.
"Magic vanish box [56]" is in fact the term used to describe the "disappearance” of women from
the scientific world and their entry (at that time) into alternative career paths. Women’s talents
"leak out" as they move up the scientific career ladder. In this way, women’s talents are wasted, yet
qualifications and competencies have no gender. Wasting their potential is particularly noticeable
in the sphere of science and higher education. And talented female scientists gradually leak out
through the "leaky pipeline [57, 58]", limiting or completely suspending their scientific and profes-
sional development. They "drop out" from higher education institutions and devote themselves to
activities other than a scientific career. Family life, especially motherhood, is largely responsible
for this "drop out" or "leakage". Most female scientists leave the science and higher education sec-
tor between the ages of 30-39. This is because this is the period when they are (usually) heavily
involved in caring for and raising children. Previous research has revealed that for the vast major-
ity of scientist mothers, motherhood is a factor that delays their plans for a career in science (As
indicated by the study of Ewa Krause; the full results yet to be published).

Data mining and basket analysis

In this paper, the results of the study have been analysed twice; the other time it was done
using one of the data mining techniques. Data mining is the process of obtaining, extracting
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unstructured information from very large data sets. Intelligent methods are often used to
extract patterns and find order in historical data. One type of data mining is association rule
mining. It is used to discover association relationships between elements belonging to large
data sets. The basic association rule is X — Y; i.e., if X is true for an instance in the dataset,
then Y is also true for it. Here, X is called an antecedent and Y is called a consequent. Anteced-
ents are the elements that come first, and all the consequents follow them. There are three indi-
cators used to assess how significant the relationship is. They are as follows: support,
confidence and lift. Support determines the level of popularity of a given combination of ele-
ments in a data set. It is the ratio of the number of occurrences of a set of items X and Y set
against the total number of items in the set. In other words, if out of 100 items, the item X
occurs 20 times, the support will be 20/100, 0.2 or 20%. Support is expressed by the Formula:
Support = fw [59]. Confidence is a measure of the probability of an item Y occurring
together with an item X; it is expressed as the proportion of the number of times X and Y

occur together to the number of times X occurs. The Formula is: Confidence = f:f;’;)((;;) [59].

Since this measure may misrepresent the significance of association (e.g., in cases when item Y
is also popular), the third measure (lift) is used. Lift determines how likely it is that item Y will
appear together with item X, given the popularity of item Y. Lift’s Formula is: Lift =

Support
Support(X)«Support(Y)

greater than 1, it means that the occurrence of X does lead to Y. The higher the lift, the stronger
the association. If lift is close to 1, it indicates that the elements do not affect one another
other. Finally, if lift is lower than 1, then the item X has a negative effect on the appearance of
the element Y [61].

[60]. So, lift is a measure that determines how strong an association is. If lift is

Materials and methods

Besides the basket analysis, the following methods have also been employed in the course of
the experiments presented in this paper:

o Method of critical analysis of sources (literature) [62].

This method allows one to establish a list of the most important items of specialized or
methodological literature related to a large extent to the problem. It is a common method and
is applicable to all fields of scientific inquiry. Its essence is to demonstrate the expediency, orig-
inality and new treatment of the problem that has emerged and undertaken for research. It is
necessary to demonstrate by this method what we know and what we do not know, what
already exists and is contained (known) in the literature, and what does not exist and needs to
be known and proven by research. Cognition is carried out by means of analysis and criticism
of the literature of the subject (issue) under study. This method involves studying the news
recorded in studies, documents and other communications. The selection of the sample, that
is, the fragments of the messages analyzed, depends on what is the unit of analysis. These can
be, for example, specific events, characters, individual words, definitions, expressions and oth-
ers. Content analysis is carried out in three stages: coding of the material (both explicit and
implicit content), counting the coded by category of content, comparative analysis of the col-
lected empirical material.

 Formal-legal document analysis method [62, 63]

This method is widely spread in the social sciences, it is applicable where the study takes
into account the most diverse documents. The documents to be studied can be, therefore, any
human products (material objects) that express a thought, vision, mission, achievement,
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proposal and serve to reproduce the actual activity or state of the organizational structure
under study in the form of a legally or even customary document. It is, therefore, an extremely
important, extensive, detailed and specific source material (for example, terms of reference)
concerning a particular institution or person. In general, a distinction is made between classi-
cal (qualitative or descriptive) and modern (quantitative) document analysis. Classical docu-
ment analysis is mainly based on their historical and literary interpretation. It is a search for
individual characteristics specific to the analyzed document and its creator. Modern document
analysis is an attempt to overcome the subjective nature of traditional (classical) analysis. It
consists primarily of quantitative description and analysis of documents, with such description
and analysis not limited to the use of absolute numbers or percentages. Great importance is
attached to the accurate determination of the cognitive value of documents, including, in par-
ticular, the confirmation of their reliability and authenticity, that is, it is sought to demonstrate
that the documents included in the analysis can be a legitimate basis for solving the problem of
interest to the researcher, and that the time of their creation, author or creator and place of ori-
gin are well known to them. To each of these document analysis, different varieties of docu-
ments are subordinated. Content analysis involves the interpretation of the contents contained
in the documents. Formal analysis of documents, on the other hand, is concerned with the
external description of their appearance, the way they were drawn up, the degree of perma-
nence or relevance with the intention that guided or was intended in the course of their
creation.

« Diagnostic survey method [63, 64]

This method is sometimes—for the purposes of pedagogical research—called a diagnostic
survey, representative group survey, opinion survey or simply a survey. In the most general
terms, it is understood as a method of research, the primary function of which is to collect
information about the problems of interest to the researcher as a result of verbal reports of the
subjects, called respondents. The constructive feature of the survey method is "questioning,"
that is, probing opinions. In the case of written responses, it takes the form of surveys, and in
the case of oral responses, it takes the form of interviews.

« Statistical methods [62, 63]

These are ways of quantitatively describing mass phenomena and the relationships between
them, as well as presenting the results in a conventional form (tables, graphs, average values,
correlation). From the results obtained, conclusions are derived on the basis of probability
theory.

Research questions

From the literature review presented outlined above, it is clear that the costs of reconciling a
career in science and a parental role are high for women. They experience many difficulties in
balancing maternity responsibilities and research. Taking into account the above background,
as well as research results from other countries described in the literature, the authors of this
article posed the following three research questions:

o Research question 1. Do the surveyed women employed at academic institutions in Poland
experience conflict between scientific career and motherhood? If so, what kind of conflict?

« Research question 2. What are the dimensions of the conflict between academic career and
motherhood, according to the surveyed women employed at academic institutions in
Poland?
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 Research question 3. Is the basket analysis method able to find possible correlations between
the factors characterising the respondents and the types and dimensions of the conflict
between academic career and motherhood they claim to experience?

Study design, setting and course

The course of the study has been shown in the pipeline in Fig 4.
Study group. The criteria for selecting participants for the study and representativeness of
the research sample were:

« gender of the study subjects—women only;
o being a mother;

« possessing specific professional titles/degrees/academic title (MA, PhD, PhD Hab.,
Professor);

« being employed in a position that obliges them to conduct research and development activity
at an academic institution in Poland (scientific/research and scientific/research/didactic
positions: assistant, assistant professor, associate professor, full professor, and others);

study
conceptualization

A 4
empirical study: the data
answer; (t)oz RQ1 & data gathering preprocessing

basket analysis:
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.
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/
the analysis of the
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Fig 4. The course of the experiments presented in this paper.

https://doi.org/10.1371/journal.pone.0276201.9004
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o willingness to participate in the research;
o consent of the Ethics Committee of Kazimierz Wielki University in Bydgoszcz.

The written invitation to the research received a positive opinion of the Faculty Committee
for Research Ethics of the Faculty of Pedagogy at the University of Bydgoszcz and was sent to
all academic universities in Poland (e-mails with the invitation were sent to university authori-
ties—especially to offices, secretariats and directly to Rectors and Vice-Rectors for Science). In
response, e-mail and telephone consents to conduct the survey were obtained. A link was sent
through the universities to the female researchers employed at them.

These universities were the primary place of work for the majority of women scientists/
/researchers in Poland and it is only in these types of universities that one can pursue degrees:
Ph.D., D.Sc., and which fall under the term "scientific career". Therefore, the established
research area were the academic universities in the country. In Poland, according to the list of
the Information Processing Center—National Research Institute, in 2018 there were 122 aca-
demic universities and the invitation was sent to all of them.

A random-quota selection of the research sample was applied. The research itself was of
national scope and was designed and conducted by Ewa Krause, using the statistical survey
method and questionnaire technique.

The relevance and reliability of the questionnaire administered to the surveyed female sci-
entists was optimized by conducting a pilot study (traditional version: February—April 2019;
online: November—December 2019). The actual study was conducted in January, February
and March 2020. The experiment was conducted according to the proper methodology, taking
into account the control, replication and sample size.

Ethics approval and consent to participate. Participation in the study was fully volun-
tary, informed and consensual. The data obtained from the respondents were anonymised,
which made it impossible to identify specific university employees. Thus, the Ethical Commit-
tee of Kazimierz Wielki University agreed to collect the data and conduct all subsequent
research on the obtained data set.

Results
Characteristics of the participants

Some characteristics of the researcher mothers are presented in Tables 2-7 (More than half of
the female scientists (53.3%) fulfilling the role of mother have two children and almost 1/3
(32.2%) have an only child. Much fewer (13.6%) have three children. One respondent has four
children and one respondent has five children-the latter is bringing up foster children. The
average number of children had by the surveyed mothers is 1.83).

Part 1—empirical research. Survey results

The answer to the research question no. 1. Moving on to the results part, an answer was
firstly sought to the research question: Do the surveyed women employed at academic institu-
tions in Poland experience any conflict between scientific career and motherhood? If so, what
kind of conflict? The empirical data obtained in the course of the research are shown in
Table 8.

Most respondents declare that they combine their maternal role with their professional role
(female scientist), but”sometimes” feel that these roles are in conflict (45.8%). A significant
proportion of female respondents indicate that they experience this conflict”often” (28.4%).
Experiencing constant, permanent conflict was reported by the smallest percentage of female
respondents (7.5%). When combining the answers regarding experiencing any type of conflict,
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Table 2. Characteristics of the researched women on the basis of their professional title/degree/academic title.
N = 334. Source: Study by Ewa Krause.

No. Professional title/ academic degree/ academic title The number of answers Percent
1 MA 20 6.0
2. PhD 189 56.6
3 PhD Hab. 102 30.5
4. Professor 23 6.9
https://doi.org/10.1371/journal.pone.0276201.t002
Table 3. Characteristics of the surveyed women by age. N = 334. Source: Study by Ewa Krause.
No. Age Number of answers Percent
1. 26-30 4 1.2
2. 31-35 53 15.9
3. 36-40 71 21.3
4. 41-45 90 26.8
5. 46-50 55 16.5
6. 51-55 26 7.8
7. 56-60 13 3.9
8. 61-65 11 3.3
9. 66 or older 11 3.3

https://doi.org/10.1371/journal.pone.0276201.t003

Table 4. Characteristics of the surveyed women by marital status. N =333 (one woman did not answer the ques-
tion). Source: Study by Ewa Krause.

No. Marital status Number of answers Percent
1. in a formal relationship 293 88
2. in an informal relationship 18 5.4
3. single 22 6.6
4. total 333 100

https://doi.org/10.1371/journal.pone.0276201.t1004

Table 5. Characteristics of the surveyed women with regard to their experience of divorce. N = 334 (no data avail-
able for 1 mother). Source: Study by Ewa Krause.

No. Divorced /not divorced Number of answers Percent
1. Divorced 35 10.5
2. Not divorced 298 89.5
3. Total 333 100

https://doi.org/10.1371/journal.pone.0276201.1005

Table 6. Characteristics of the surveyed women with regard to the assessment of their economic situation.
N = 334. Source: Study by Ewa Krause.

No. Assessment of economic situation Number of answers Percent
1. Definitely bad/ very bad 1 0.3
2. Rather bad 18 5.4
3. I do not know 12 3.6
4. Rather good 230 68.8
5. Definitely good/ very good 73 21.9

https://doi.org/10.1371/journal.pone.0276201.t006
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Table 7. Number of children the studied mothers have. N = 334 (no data for 2 mothers). Source: Study by Ewa

Krause.
No. Number of children Number of answers Percent
1. 1 child 107 32.2
2. 2 children 178 53.6
3. 3 children 45 13.6
4. 4 children 1 0.3
5. 5 children 1 0.3
6. Total 332 100

https://doi.org/10.1371/journal.pone.0276201.t007

Table 8. Conflict between scientific career and motherhood as perceived by mothers-scientists. Source: Study by

Ewa Krause.
No. Answer Number of | Percent
answers
1. I definitely manage to reconcile my maternal role with my professional role 59 17.7
(female scientist).
2. | Icombine my maternal role with my professional role (as a female scientist), but 153 45.8
sometimes I experience conflict between these roles
3. I combine my maternal role with my professional role (female scientist), but I 95 284
often experience conflict between these roles.

4 My roles (maternal and professional/ female scientist) are in constant conflict. 25 7.5
5. Difficult to say/don’t know - -
6 Other 2 0.6
7. Total 334 100

https://doi.org/10.1371/journal.pone.0276201.1008

it turns out that the vast majority of respondents experience it (81.7%). Only 17.7% of the
respondents declare that they definitely manage to reconcile their maternal role with their pro-
fessional role. None of the respondents chose the option”difficult to say/don’t know”.

According to the surveyed women, female scientists in their role as mothers face the lack of
understanding and lack of recognition by the professional scientific community of the inter-
ruptions in their scientific activity resulting from motherhood. Motherhood means a decrease
in availability and scientific mobility, which are required by the environment. This claim has
been confirmed by the following views, expressed by the surveyed women:

« “For the manager, a woman scientist having young children means frequent absences from
work (taking care of a sick child) and the inability to travel for a longer period of time (lack
of scientific mobility)” [PhD, medical university, field of medical sciences, 41 years old, 2
children];

* “Decreased availability (which is necessary for certain laboratory work)” [Ph.D., university,
science field, 39 years old, 1 child];

o “It is unfair to require full availability from any employee and call them at 4am for business.
I think this is not just about the treatment of women mothers, but the generally sick, feudal
system at universities” [Ph.D., university of economics, field of social sciences, 45 years old,
2 children];

o “Certainly, women who give birth to children are visibly delayed in reaching the next stages
of their academic careers; the mothers also have neither professional nor social support in
the workplace, but they can pursue their careers—for that they are not expected to perform
at their best there” [Ph.D., university, humanities field, 49 years old, 2 children];
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The following views emphasize the fact that the realization of an academic career is always
done at someone’s expense, most often at the expense of family life and one’s children. Here
are some sample statements on this matter, made by the surveyed women:

« “Career in our environment is always at the expense of family, children or own health (as in
my case) (...)” [Ph.D., university, field of science and life sciences, 49 years old, 2 children];

 “Even if a woman manages to advance and develop academically and professionally, it is at
the expense of her family, making great sacrifices, working beyond her physical and mental
capabilities” [PhD, medical school, field of medical and health sciences, 39 years old, 2
children].

The results relating to the parental/professional situation of mothers-scientists turned out
to be statistically significant due to the fact that the respondents held a specific professional or
scientific degree/title (Chi*2 Pearson p = 0.00042; Chi*2 NW p = 0.00121).

Considering the results in relation to the individual groups of female researchers, it may be
noted that the higher a given woman is in the scientific hierarchy in terms of degree/title, the
more often she declares that she definitely manages to reconcile her maternal role with her profes-
sional role-this refers to 47.8% of the respondents with the academic title of professor; 22.5% of
the respondents with the academic degree of dr habilitowany/associate professor/ScD”; 12.7% of
PhDs (12.7%) and one woman with the professional title of magister/Master’s (MA) (5.0%). The
differences are therefore very significant—between a Master’s degree and a Professor’s degree by
as much as 42.8 pp. There is also not a single female professor indicating that:”my roles (maternal
and professional/women scientist) are in constant conflict”. Thus, the lower the researcher is in
this hierarchy, the more frequent is the experience of mother-scientist conflict (Master—35.0%;
Doctor- 32.08%; Postdoctoral -22.5%; Professor— 13.0%). The results are shown in Table 9.

The answer to the research question no. 2. Next, the answer to the question was sought:
what are the dimensions of the conflict between scientific career and motherhood in the opin-
ion of the surveyed women employed in the academic institutions?

The time dimension of this conflict was indicated by the majority of the respondents-a
total of 79.3%, including “definitely experienced” or “experienced” by almost half of the
respondents (45.8%). The data are shown in Table 10.

Table 9. Conflict of scientific career vs. motherhood in the opinion of mothers of female scientists by professional title/degree/title. Source: Study by E. Krause.

Professional title/ degree/ Defining one’s own parental/ professional situation
academic title My roles are in 1 often experience role | I sometimes experience I definitely manage to Other | Total answers
constant conflict conflict role conflict reconcile my roles and %
MA—number of answers 2 7 10 1 - 20
% of MAs 10.0 35.0 50.0 5.0 - 100
% of total 0.6 2.1 3.0 0.3 - 6.0
PhD—number of answers 19 62 83 24 1 189
% of PhDs 10.1 32.8 34.9 12.7 0.5 100 56.6
% of total 5.7 18.6 24.8 7.2 0.3
PhD Hab.- number of 4 23 52 23 - 102
answers
% of PhD Habs. 3.9 22.5 51.1 22.5 - 100
% of total 1.2 6.9 15.5 6.9 - 30.5
Professor—number of - 3 8 11 1 23
answers
% of Professors - 13.0 34.8 47.8 4.4 100
% of total - 0.9 2.4 3.3 0.3 6.9

https://doi.org/10.1371/journal.pone.0276201.t009
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Table 10. Time-related dimension of conflict between the roles of mother and scientist.

No. Answer Number of answers %
1. Definitely yes 153 45.8
2. Rather yes 112 33.5
3. Hard to tell 25 7.5
4. Rather not 28 8.4
5. Definitely not 16 4.8
6. Total 334 100

https://doi.org/10.1371/journal.pone.0276201.1010

The results in terms of the time dimension turned out to be statistically significant due to
the fact that the researched female scientists hold a specific professional or scientific degree/
title (Chi"* 2Pearson p = 0.00102; Chi* 2NW p = 0.00102). The results relating to these relation-
ships are presented in Table 11.

The results shown above indicate that the lower a given woman is in the scientific hierarchy
in terms of degree/title, the more often she declares to feel the time dimension of the mother-
scientist role conflict. This applies to almost all female researchers with a master’s degree
(95.0%, of which the answer”definitely yes” was chosen by 50.0% of the respondents, and the
answer rather yes”- 45.0%); the majority of PhDs (86.08%, of which 51.3% chose the answer”-
definitely yes” and 35.5% the answer”rather yes” - 35.5%); the majority of post-doctoral fellows
(68.06%, of which 39.2% chose”definitely yes” and 29.4% rather yes”) and slightly more than
half of the respondents with a professor’s degree (52.2%; 26.1% of respondents for each of the
indicated answers). Here, the differences are great, too-between the professional title of Master
and that of Professor by 42.8 percentage points. There is also not a single female Master not
feeling this dimension of the role conflict.

The financial dimension of the mother-scientist role conflict is indicated by only half of the
respondents—it concerns or concerned 49.6% of them, 27.2% of which chose the answer”defi-
nitely yes” and 22.4% the answer”rather yes”. This data is shown in Table 12.

The emotional dimension of the conflict between the roles of mother and scientist is indi-
cated by the vast majority of respondents—it concerns or concerned 72.7%, of which”definitely
yes” was selected by 38.6% and”rather yes” by 34.1%. A minority of respondents claim that this
dimension is not experienced (18.0% in total). The remaining respondents did not answer this
question (9.3%). The results are shown in Table 13.

Table 11. Time-related dimension of the mother-scientist role conflict by professional title/degree/academic title. Source: Study by Ewa Krause.

Professional title/ degree/ academic title Time-related dimension of the mother-scientist role conflict
definitely not rather not hard to tell rather yes definitely yes total and %
MA-number of answers - - 1 9 10 20
% of MAs - - 5.0 45.0 50.0 100
% of total - - 0.3 2.7 3.0 6.0
PhD-number of answers 8 11 6 67 97 189
% of PhDs 4.2 5.8 3.2 35.5 51.3 100
% of total 2.4 33 1.8 20.1 29.0 56.6
PhD Hab.- number of answers 5 12 15 30 40 102
% of PhD Habs. 4.9 11.8 14.7 29.4 39.2 100
% of total 1.5 3.6 4.5 9.0 12.0 30.5
Professor—number of answers 3 5 3 6 6 23
% of Professors 13.0 21.8 13.0 26.1 26.1 100
% of total 0.9 1.5 0.9 1.8 1.8 6.9

https://doi.org/10.1371/journal.pone.0276201.t011
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Table 12. The financial dimension of the mother-scientist role conflict. Source: Study by Ewa Krause.

No. Answer Number of answers %
1. Definitely yes 91 27.2
2. Rather yes 75 22.4
3. Hard to tell 61 18.3
4. Rather not 74 22.2
5. Definitely not 33 9.9
6. Total 334 100

https://doi.org/10.1371/journal.pone.0276201.1012

It is worth adding that the situation of mothers-scientists depends on the resources enabling
the reconciliation of parental and professional roles. The assessment of particular resources is
shown in the following statistics:

1. assessment of partner’s support in child/children care as a resource enabling reconciliation
of parental and professional roles by surveyed mothers-scientists: highly positive— 47.0%;
positive— 24.8%; average— 14.1%; negative— 6.1%; highly negative- 7.8%.

2. assessment of the availability of assistance from third parties as a resource for reconciling
parental and professional roles: highly positive- 17.4%; positive—30.8%; average— 25.7%;
negative— 17.1%; highly negative- 9.0%.

3. assessment of own family financial resources in the context of reconciling parental and pro-
fessional roles: highly positive— 19.5%; positive— 32.0%; average— 40.4%; negative— 5.7%;
highly negative- 2.4%.

4. assessment of the availability of assistance from the work environment as a resource for rec-
onciling parental and professional roles: highly positive— 4.5%; positive— 11.7%; average
44.6%; negative— 24.2%; highly negative— 15.0%.

5. evaluation of availability of institutional solutions as a resource enabling reconciliation of
parental and professional roles: highly positive- 2.1%; positive -9.3%; average— 41.9%; nega-
tive— 28.7%; highly negative— 18.0%.

Summarizing the results concerning the assessment of the resources enabling the reconcili-
ation of parental and professional roles by the surveyed mothers, it should be noted that the
highest rated resource (i.e., assessed either as positive or highly positive) is the partner’s sup-
port in caring for the child/children (71.8%); followed by the family’s own finances (51.5%)
and the availability of help from third parties (48.2%). The availability of help from the work
environment (16.2%) and institutional arrangements (11.4%) are much less well perceived.
Additionally, personal resources, appropriate skills and character traits conducive to role rec-
onciliation are also highlighted in the researchers’ responses.

Table 13. The emotional dimension of the mother-scientist role conflict. Source: Study by Ewa Krause.

No. Answer Number of answers %

1. Definitely yes 129 38.6
2. Rather yes 114 34.1
3. Hard to tell 31 9.3
4. Rather not 43 12.9
5. Definitely not 17 5.1
6. Total 334 100

https://doi.org/10.1371/journal.pone.0276201.1013
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Part 2—basket analysis of the obtained data

Experimental setup. Having gathered, analysed and interpreted the data from the study,
the authors went on to apply the basket analysis principles to it, and analyse it according to the
methodology. The data from the empirical study were pre-processed by extracting only the
information on female researchers which was relevant, and adapting the dataset to Python for-
mat. The dataset is publicly available [65]. For the purpose of this study, the apriori algorithm
was selected. It is one of the most popular association rule mining algorithms. It was developed
by Agrawal [66]; later, it was scrutinized by Bhargava and Selwal [67]. The underlying assump-
tion of the algorithm is that all the subsets of a frequent set must be frequent, too. On the other
hand, if a set is not frequent, then its subsets will not be frequent either. When working with
the apriori algorithm, it is advisable for the person applying the algorithm to personalise the
thresholds/frequency levels in the course of the experiment, according to their experience and
current needs, etc. The apriori algorithm’s most popular application is the so-called market
basket analysis—the study of transactions aimed at finding out which items are purchased
together. The algorithm lets one uncover interesting, surprising associations within vast data
sets. The advantages of the algorithm are that it is friendly and easy to use. The main disadvan-
tages consist in the fact that the algorithm needs a lot of resources and computational time,
especially if it is used to examine big amounts of data, or if the minimum thresholds are set to
very low. The reason for choosing this particular algorithm was the desire to find different,
unusual associations and relationships than those that intuitively seem true to human
researchers, or to confirm the previously drawn conclusions were valid. Additionally, the
apriori algorithm is most often used in business and commerce (see [59, 68]), there have also
been numerous other applications of basket analysis in other fields, e.g., for analysing medical
data [69]. However, to the best of the Authors” knowledge, the subject literature has yet to
record the application of the apriori algorithm for data mining within such an extensive social
sciences survey, let alone one concerning women scientists.

The measure thresholds used in the following study, determined by experimentation and
finetuned according to the Authors’ expertise, are: minimum support—0.05 (5%), minimum
confidence—0.3 (30%), minimum lift—2. Using such thresholds, the algorithm found 28 asso-
ciation rules among the data. Below, they are arranged according to the lift measure, from the
highest to the lowest. Thus, by assumption, the associations are arranged from the strongest to
the weakest ones. It should be noted that due to the assumption of a minimum lift = 2, all listed
associations are significant. The apriori association rules found by the algorithm should be
interpreted as follows:

1. If a female respondent indicated the answer”financial conflict-definitely not/strongly dis-
agree”, she also answered:”economic situation-definitely good/very good”, and:”I am not
single”, support: 0.06, confidence: 0.58, lift: 2.66.

2. If the female respondent indicated the answer”time conflict—definitely yes/strongly agree”,
she also answered:”age 36-40,”PhD title”,”I am not single” and”I combine my maternal
role with my professional role (female scientist), but sometimes I experience the conflict of
these roles”, support: 0.05, confidence: 0.47, lift: 2.63.

3. If the female respondent indicated the answer”financial conflict: definitely not/strongly dis-
agree”, she also answered:”economic situation—definitely good/very good” support: 0.06,
confidence: 0.58, lift: 2.63.

4. If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:”age 36-40”,”PhD title” and”] combine my maternal role with my
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11.

12.

13.

14.

15.

professional role (female scientist), but sometimes I experience the conflict of these roles”
and:”I am not single”, support: 0.05, confidence: 0.47, lift: 2.54.

If the female respondent indicated the answer”time conflict—definitely yes/strongly agree”,
she also answered:”financial conflict—definitely yes/strongly agree”,”I combine my mater-
nal role with my professional role (woman scientist), but sometimes I experience the con-

flict of these roles”,”number of children: 2”, support: 0.06, confidence: 0.34, lift: 2.3.

If the female respondent indicated the answer”age—31-35, she also answered:”doctoral

» »

degree”,” number of children—17,”I am not single”, support: 0.06, confidence: 0.38, lift: 2.28.

If the female respondent indicated the answer”I definitely manage to reconcile my maternal
role with my professional role (female scientist)”, she also answered:”economic situation—

rather good”,”time conflict—definitely yes/strongly agree”, support: 0.05, confidence: 0.68,
lift: 2.26.

If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:”age 36-40”,”economic situation-rather good” and”I combine my mater-
nal role with my professional role (woman scientist), but sometimes I experience the con-
flict of these roles” and:”I am not single”, support: 0.05, confidence: 0.45, lift: 2.22.

If the female respondent indicated the answer”age 36-40”, she also answered:”economic sit-
uation—rather good” and”I combine maternal role with professional role (woman scien-
tist), but sometimes I experience the conflict of these roles”,”support: 0.05, confidence: 0.45,
lift: 2.22.

If the female respondent indicated the answer”PhD title”, she also answered:”I combine
maternal role with professional role (woman scientist), but sometimes I experience the

conflict of these roles”,”economic situation—rather good”,”I am not single
40”,”support: 0.06, confidence: 0.34, lift: 2.21.

» »

, age 36—

If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:”financial conflict—definitely yes/strongly agree”,”I am not single”,”I
combine maternal role with professional role (woman scientist), but sometimes I experi-
ence the conflict of these roles”,”number of children—2”, support: 0.06, confidence: 0.31,
lift: 2.17.

If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:”age 36-40”,”’I am not single”,”I combine maternal role with profes-
sional role (female scientist), but sometimes I experience the conflict of these roles”, sup-

port: 0.07, confidence: 0.58, lift: 2.14.

If the female respondent indicated the answer”PhD title”, she also answered:”I combine
maternal role with professional role (woman scientist), but sometimes I experience the

» »

conflict of these roles”,”economic situation—rather good”,”age 36-40”,”support: 0.06,

confidence: 0.34, lift: 2.13.

If the female respondent indicated the answer”time conflict—definitely yes/strongly
agree”, she also answered:”age 36-40”,”I combine my maternal role with my professional
role (woman scientist), but sometimes I experience the conflict of these roles”, support:
0.07, confidence: 0.61, lift: 2.12.

If the female respondent indicated the answer”PhD title”, she also answered:”My roles
(maternal and professional/women scientist) are in constant conflict”,”economic situation
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—rather good”,” number of children—27,”I am not single”,”time conflict—probably yes/
rather agree”, support: 0.06, confidence: 0.67, lift: 2.09.

If the woman surveyed indicated the answer”number of children—17, she also answered:”]
combine my maternal role with my professional role (woman scientist), but sometimes I

experience the conflict of these roles”,”PhD title”,”time conflict—definitely yes/strongly
agree”, support: 0.05, confidence: 0.61, lift: 2.08.

If the female respondent indicated the answer”economic situation—rather good”, she also
answered:”financial conflict—definitely yes/strongly agree”,”I am not single”,”I combine
my maternal role with my professional role (woman scientist), but sometimes I experience

the conflict of these roles”, support: 0.06, confidence: 0.43, lift: 2.07.

If the female respondent indicated the answer”financial conflict-definitely yes/strongly
agree”, she also answered:”I am not single”,”number of children—2”,”I combine maternal
role with professional role (woman scientist), but sometimes I experience the conflict of

these roles”, support: 0.06, confidence: 0.59, lift: 2.06.

if the female respondent indicated the answer”age—31-35", she also answered: doctoral
degree”,”number of children—1”, support: 0.06, confidence: 0.38, lift: 2.06.

If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:”age 41-45”,”financial conflict-definitely yes/strongly agree”, support:
0.06, confidence: 0.46, lift: 2.06.

If the female respondent indicated the answer”PhD title”, she also answered: financial

3

conflict—definitely yes/strongly agree”,”time conflict-definitely yes/strongly agree”,”I am
not single”,”I combine maternal role with professional role (woman scientist), but some-

times I experience the conflict of these roles”, support: 0.06, confidence: 0.43, lift: 2.05.

If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:”age 41-45”,”financial conflict-definitely yes/strongly agree”,”I am not
single” support: 0.05, confidence: 0.41, lift: 2.03.

If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:’number of children—2”,”I combine the maternal role with the profes-
sional role (woman scientist), but sometimes I experience the conflict of these roles”, sup-

port: 0.07, confidence: 0.58, lift: 2.03.

If the female respondent indicated the answer”economic situation—rather good”, she also
answered:financial conflict—definitely yes/strongly agree”,”time conflict—definitely yes/
strongly agree”,”] combine maternal role with professional role (woman scientist), but
sometimes I experience the conflict of these roles”, support: 0.06, confidence: 0.46, lift: 2.03.

If the female respondent indicated the answer”doctoral title”, she also answered:”financial

» » » »

conflict—definitely yes/strongly agree”,”economic situation-rather good”,”time conflict—

3 »

definitely yes/strongly agree”,”I am not single”, support: 0.07, confidence: 0.85, lift: 2.03.

If the female respondent indicated the answer”time conflict-definitely yes/strongly agree”,
she also answered:”I combine my maternal role with my professional role (woman scien-
tist), but sometimes I experience the conflict of these roles”,”financial conflict—definitely
yes/strongly agree”,”I am not single”, support: 0.09, confidence: 0.41, lift: 2.02.

If the female respondent indicated the answer”doctoral degree”, she also answered: finan-

2 »

cial conflict—definitely yes/strongly agree”,”time conflict—definitely yes/strongly
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agree”,”I combine my maternal role with my professional role (woman scientist), but some-
times I experience the conflict of these roles”, support: 0.06, confidence: 0.45, lift: 2.02.

28. If the female respondent indicated the answer”financial conflict-definitely yes/strongly
agree”, she also answered:”time conflict—definitely yes/strongly agree”,”I combine my
maternal role with my professional role (woman scientist), but sometimes I experience the

conflict of these roles”, support: 0.10, confidence: 0.45, lift: 2.01.

The answer to the research question no. 3. The application of the basket analysis algo-
rithm on the data derived from the empirical study made it possible to find real correlations,
confirmed by "traditional" methods, between factors characterising the respondents and the
types and dimensions of conflict occurring between a scientific career and motherhood as
declared by them. Hereby, it can be concluded that a properly configured basket analysis algo-
rithm can be used as a tool supporting the search for correlations not only in a business con-
text, but also in a typically social study.

Discussion

Summing up the parental and professional situation of the respondents, it should be noted that the
vast majority of them declare they experience some kind of conflict between the roles of mother
and scientist (81.7%), while most often they indicate that combining the role of mother with the
professional role they”’sometimes” feel a conflict of these roles (45.8%). The higher the woman is in
the scientific hierarchy in terms of degree/title, the better she manages to reconcile her maternal
role with her professional role/role as a scientist—and therefore vice versa—the lower the
researcher is in the hierarchy, the more often she reports feeling the mother-scientist conflict.

With regard to the dimensions of the mother-scientist role conflict that the respondents
currently experience or experienced in the past, the most frequently declared dimension is the
time-related one—it concerns or concerned the majority of the respondents (79.3%). In the
second place, the respondents indicated the emotional dimension—it concerns or concerned
72.7% of them. The financial dimension of the conflict between research career and mother-
hood concerns or concerned half of the respondents (49.6%).

The obtained results indicate that the lower a woman is in the scientific hierarchy in terms
of rank/title, the more often she declares to feel the time-related dimension of the conflict of
roles of mothers-scientist (in the group of respondents there is not a single female Master’s
degree holder who does not experience this dimension). In the statements of female scientists,
the discussed dimensions often appear together, i.e., female scientists often experience more
than one dimension of the conflict at once.

The application of traditional academic methodology made it possible to obtain results con-
firming the existence of conflict and its three types in the opinion of the researched female sci-
entists—mothers, which is consistent with the results of similar, few works in this research
area [7]. As for the use of the data mining tool, there have been no similar works; thus it is not
possible to compare this study with other ones. To the authors’ best knowledge, this has been
the first experiment of such kind—possibly other authors, for whom this research will be an
inspiration to undertake research and scientific exploration, will refer to the results presented
by this paper in the future.

Threats to validity and study limitations

The study came with a number of factors which might be considered to be limitations to it.
The most significant factor were the criteria for the selection of respondents for the study.
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They can be considered as limitations of this study, as it only considered the respondents of
one gender-i.e. women only. All the respondents belonged to the same professional group and
had specific job titles/degrees/academic titles (M.Sc., Ph;). Moreover, all the respondents have
been employed at a position which obliges to conduct research and development activity at an
academic institution in Poland (excluding teaching positions, which do not oblige to conduct
research and development work). All the respondents were employed at the same type of
workplace, i.e. academic universities. Lastly, the study only concerned the respondents who
were willing to take part in the research. The authors of this work are aware of those possible
limitations of the study and will try to compare the results of the respondents belonging to
other groups, such as scientist who play the role of a father. The authors would also like to con-
duct a similar study in other European countries, as it could be beneficial to check and com-
pare if the situation of female scientists is similar there, or not.

In addition to this, as the apriori algorithms tends to be slow and take much computation,
other, more efficient data mining algorithms could be used in the future for the analyses of the
gathered data.

It must also be noted, that as this study has been one of the numerous ones concentrating
specifically on the conflict between the roles of a mother and a scientist to date, and the only
one applying basket analysis to analyse this conflict, the literature to support this study’s results
is still scarce.

Conclusions

This paper has discussed the selected part of a larger study of mothers-scientists, which con-
centrated on the conflict of roles and its dimensions.

In the course of the study described in this paper, the answers to all the Research Questions
were found:

o The answer to the research question 1.: Do the surveyed women employed at academic insti-
tutions in Poland experience conflict between scientific career and motherhood? If so, what
kind of conflict?

As it was uncovered, most of the respondents declare they experience the conflict between
the roles of a mother and a scientist, to a varying degree. The intensity of the perceived conflict
tends to be related to the scientific degree the woman holds-the lower the degree, the more
likely she is to experience severe conflict.

o The answer to research question 2.: What are the dimensions of the conflict between aca-
demic career and motherhood, according to the surveyed women employed at academic
institutions in Poland?

With regard to the dimensions of the mother-researcher role conflict that the respondents
currently concern or concerned in the past, the most frequently declared dimension is the
time-related one, then subsequently the emotional dimension, and lastly the financial dimen-
sion. A substantial number of female scientists declare that they experience more than one
dimension of conflict.

« Research question 3.: Is the basket analysis method able to find possible correlations between
the factors characterising the respondents and the types and dimensions of the conflict
between academic career and motherhood they claim to experience?

The results of the study were then analysed using the basket analysis tool-the apriori algo-
rithm—which objectively confirmed the occurrence of correlations between the factors
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characterising the respondents and the types and dimensions of conflict occurring between
their scientific career and motherhood. This confirms the usefulness of the tool beyond its typ-
ical, traditional use in business—as in this case, in the study of a large social group.

Author Contributions

Conceptualization: Renata Tomaszewska.

Data curation: Ewa Krause.

Formal analysis: Renata Tomaszewska.

Funding acquisition: Ewa Krause, Renata Tomaszewska.
Investigation: Ewa Krause.

Software: Aleksandra Pawlicka.

Supervision: Renata Tomaszewska.

Writing - original draft: Aleksandra Pawlicka.

Writing - review & editing: Renata Tomaszewska, Aleksandra Pawlicka.

References

1. E.P,Kapis M, Olszewska M, Szajewska A, Ziemba E. Functioning of mothers-academics in the area of
family and professional life, survey conducted in 2013 and 2014 as part of the Mom Foundation’s “Mom
at College” campaign.

2. CeciSJ, Williams WM. Understanding current causes of women’s underrepresentation in science. Proc
Natl Acad Sci. 2011; 108: 3157-3162. https://doi.org/10.1073/pnas.1014871108 PMID: 21300892

3. Mason MA, Goulden M. Do Babies Matter? The Effect of Family Formation on the Lifelong Careers of
Academic Men and Woman. Academe. 2002; 88: 21. https://doi.org/10.2307/40252436

4. Minello A, Martucci S, Manzo LKC. The pandemic and the academic mothers: present hardships and
future perspectives. Eur Soc. 2021; 23: 82.

5. Krause E. Dziecko-rodzina a kariera naukowa—kariera kosztem zycia rodzinnego? In: Nawrot-Bor-
owska M, Zajac D, editors. Dziecko w perspektywie diachronicznej i synchronicznej. Bydgoszcz:
UKW; 2016. p. 96.

6. Krause E. Macierzynstwo kobiet-naukowcdéw—o konflikcie roli rodzicielskiej i zawodowej. Szk—Zawdd
—Pr.2016; 12.

7. Paprzycka E, Kapis M, Olszewska M, Szajewska A, Ziemba E. Funkcjonowanie matek-naukowcow w
obszarze zycia rodzinnego i zawodowego, badanie realizowane w 2013 i 2014 roku w ramach akgji
Fundacji Mama ,Mama na uczelni”. Available: https://wsip.sggw.pl/uploads/flemanager/dokumenty/
otoczenie_spoleczne/funkcjonowanie-matek-naukowcow-_zycie-zawodowe-i-rodzinne.pdf

8. Lachowska B. Konflikt i facylitacja jako mechanizmy wzajemnych oddziatywan pracy i rodziny—analiza
réznic ptciowych. In: Rostowska T, Peplinska A, editors. Psychospoteczne aspekty zycia rodzinnego.
Warszawa: Difin SA; 2010. pp. 283—-284.

9. Levinson DJ. Role, personality, and social structure in the organizational setting. J Abnorm Soc Psy-
chol. 1959; 58: 170—-180. https://doi.org/10.1037/h0040261 PMID: 13640820

10. Merton RM. The role set. Br J Sociol. 1957; 8: 106—120.

11. Szmatka J. Some Remarks about the Place of the Role Theory in the Theoretical System of Sociology,.
Polish Sociol Bull. 1978; 43/44: 67-82.

12. Turner RH. The role and the person. Am J Sociol. 1978; 84: 1-23.
13. Biddle BJ. Role theory: Expectations, identities, and behavior. New York: Academic Press.; 1979.

14. Wehner LE, Thies CG. Role Theory, Narratives, and Interpretation: The Domestic Contestation of
Roles. Int Stud Rev. 2014; 16: 411-436. https://doi.org/10.1111/misr.12149

15. Kahn RL, Wolf DM, Quinn R, Snoek JD, Rosenthal RA. Organizational Stress. New York: Wiley; 1964.

16. Greenhaus JH, Beutell NJ. Sources of conflict between work and family roles. Acad Manag Rev. 1985;
10: 76-88.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276201 October 18, 2022 25/27


https://doi.org/10.1073/pnas.1014871108
http://www.ncbi.nlm.nih.gov/pubmed/21300892
https://doi.org/10.2307/40252436
https://wsip.sggw.pl/uploads/filemanager/dokumenty/otoczenie_spoleczne/funkcjonowanie-matek-naukowcow-_zycie-zawodowe-i-rodzinne.pdf
https://wsip.sggw.pl/uploads/filemanager/dokumenty/otoczenie_spoleczne/funkcjonowanie-matek-naukowcow-_zycie-zawodowe-i-rodzinne.pdf
https://doi.org/10.1037/h0040261
http://www.ncbi.nlm.nih.gov/pubmed/13640820
https://doi.org/10.1111/misr.12149
https://doi.org/10.1371/journal.pone.0276201

PLOS ONE

Conflicting 'mother-scientist’ roles. An innovative application of basket analysis in social research

17.

18.

19.

20.
21,
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

35.
36.
37.

38.

39.

40.

41.

42,

43.

Kinnunen U, Mauno S. Antecedents and Outcomes of Work-family Conflict Among Employed Women
and Men in Finland. Hum Relations. 1998; 51: 157-177.

Netemeyer RG, Boles JS, McMurrian R. Development and Validation of Work-Family Conflict and Fam-
ily-Work Conflict Scales,. J Appl Psychol. 1996; 81: 400-410.

Kowalczyk J, Rzepa T. Conflict of family and professional roles and life satisfaction. Opusc Sociol.
2015; 67—76. https://doi.org/10.18276/0s.2015.2-05

Rostowska T. Maizenstwo, rodzina, praca a jakos¢ zycia. Krakéw: Impuls; 2009.

Lachowska B. Praca i rodzina. Konflikt czy synergia? Lublin 2012: Wydawnictwo KUL;2012.

Pawlicka A, Pawlicki M, Tomaszewska R, Chora$ M, Gerlach R. Innovative machine learning approach
and evaluation campaign for predicting the subjective feeling of work-life balance among employees.

Useche SA, editor. PLoS One. 2020; 15: €0232771. https://doi.org/10.1371/journal.pone.0232771
PMID: 32413040

Lachowska B. Wzajemne oddziatywania pracy i rodziny a perspektywa konfliktu i facylitacji (raport z
badan pilotazowych). In: Golinska L, Dudek B, editors. Rodzina i praca z perspektywy wyzwan i
zagrozen. £6dz: Wydawnictwo Ut; 2008. pp. 431-444.

Lachowska B. Konflikt i facylitacja miedzy rolami rodzinnymi i zawodowymi a jakos$¢ zycia pracujacych
rodzicéw. Psychol Spoteczna. 2012; 7: 353-371.

Lipinska-Grobelny A. Od konfliktu do réwnowagi, czyli ewolucja pogladéw na relacje miedzy zyciem
zawodowym i pozazawodowym. In: Tomaszewska-Lipiec R, editor. Réwnowaga praca-zycie pozaza-
wodowe drogg do zréwnowazonego rozwoju jednostki. Bydgoszcz: Wydawnictwo UKW; 2014. pp.
47-60.

Hobfoll S. Conservation of resources: A new attempt at conceptualizing stress. Am Psychol. 1989; 44:
513-524.

Karasek R. Job demands, job decision latitude, and mental strain. Implications for job redesign. Adm
Sci Q. 1979; 24: 285-307.

Greenhaus JH, Parasuraman S, Collins KM. Career involvement and family involvement as moderators
of relationship between work-family conflict and withdrawal from profession. J Occup Health Psychol.
2001; 6.

Greenhaus JH, Powell GN. When work and family are allies: a theory of work-family enrichment. Acad
Manag Rev. 2006; 31.

Crouter AC. Spillover from family to work: the neglected side of the work-family interface,. Hum Rela-
tions. 1984; 37: 425-442.

Sieber SD. Toward a theory of role accumulation. Am Sociol Rev. 1974; 39: 567-578.

Grzywacz JG. Work-family spillover and health during midlife: is managing conflict everything? Am J
Heal Promot. 2000; 14: 236—243. https://doi.org/10.4278/0890-1171-14.4.236 PMID: 10915535

Patterson J. Integrating family resilience and family stress theory. J Marriage Fam. 2002; 64: 349-360.

Publications Office of the European Union. She Figures 2018. Luxembourg; 2019. https://doi.org/10.
2777/936

Publications Office of the European Union. She Figures 2021. Luxembourg; 2021.
Krause E. Kariera naukowa kobiet. Eduk Ustawiczna Doros. 2019; 1: 74, 77.

Ivie R, Tesfaye CL, Czujko R, Chu R. The global survey of physicists: A collaborative effort illuminates
the situation of women in physics. 2013. pp. 53-61. https://doi.org/10.1063/1.4794221

Le Feuvre N, Latour E. Understanding women’s academic careers in France. In: Siemienska R, Zimmer
A, editors. Gendered Career Trajectories in Academia Crossnational perspective. Scholar; 2007.

Schenk A. New universities and New Opportunities for female Academics in Sweden. In: Siemienska R,
Zimmer A, editors. Gendered Career Trajectories in Academia Cross-national perspective. Scholar;
2007.

Vazques-Cupeiro S, Fernandez JM. ,Insiders Kingdoms”-mechanisms of Career Advancement in
Spanish Universities. In: Siemienska R, Zimmer A, editors. Gendered Career Trajectories in Academia
Cross-national perspective. 2007.

Siemienska R. The Puzzle of gender research productivity in Polish Universities. In: Siemiefska R, Zim-
mer A, editors. Gendered Career Trajectories in Academia Cross-national perspective. Scholar; 2007.

Goulden M, Frasch K, Mason M. Staying Competitive. Patching America’s LeakyPipeline in the Sci-
ence. 2009.

Treude N, Matzke M. Kariera pomimo dzieci—trudna sprawa. Deutsche Welle. 2010.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276201 October 18, 2022 26/27


https://doi.org/10.18276/os.2015.2%26%23x2013%3B05
https://doi.org/10.1371/journal.pone.0232771
http://www.ncbi.nlm.nih.gov/pubmed/32413040
https://doi.org/10.4278/0890-1171-14.4.236
http://www.ncbi.nlm.nih.gov/pubmed/10915535
https://doi.org/10.2777/936
https://doi.org/10.2777/936
https://doi.org/10.1063/1.4794221
https://doi.org/10.1371/journal.pone.0276201

PLOS ONE

Conflicting 'mother-scientist’ roles. An innovative application of basket analysis in social research

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.
62.

63.
64.
65.

66.

67.

68.

69.

Ecklund EH, Lincoln AE. Scientists Want More Children. Perc M, editor. PLoS One. 2011; 6: €22590.
https://doi.org/10.1371/journal.pone.0022590 PMID: 21850232

Ginther DK, Kahn S. Does science promote women. Evidence from Academia 1973-2001. In: Freeman
RB, Goroff DL, editors. Science and Engineering Careers in theUnited States: An Analysis of Markets
and Employment. University of Chicago Press; 2006.

Lawson C, Geuna A, Finardi U. Nurturing knowledge? The impact of funding and family on scientific per-
formance,02, University of Turin. Dep Econ Stat Cognetti Martiis LEI BRICK—Lab Econ Innov “Franco
Momigliano”, Bur Res Innov Complex Knowledge, Coll 2019.2019.

Burelli J. Thirty-three Years of Women in S&E Faculty Positions. Natl Sci Found Infobr.

Mtodozeniec M, Knapinska A. Czy nauka wcigz ma meska pte¢? Udziat kobiet w nauce. Nauka. 2013;
2.

du Vall M, Majorek M. Naukowczynie w polskim systemie szkolnictwa wyzszego—trudnosci i perspek-
tywy. Aequalitas. 2013; 2.

Hymowitz C, Schellhardt TD. THE GLASS CEILING: Why women can’t seem to break the invisible bar-
rier that blocks them from the top jobs. Wall Str J. 1986; 24 March: 1D, 4D-5D.

Réwnos¢é w Biznesie. Stownik SZKLANE ZJAWISKA. Available: https://rownoscwbiznesie.info/
szklane-zjawiska-definicja/

Kulich C, Ryan MK. The Glass Cliff. Oxford Research Encyclopedia of Business and Management.
Oxford University Press; 2017. https://doi.org/10.1093/acrefore/9780190224851.013.42

Williams CL. The glass escalator: hidden advantages for men in the “female” professions. Soc Probl.
1992; 39.

At Work B. N.; And Now the “Sticky Floor.” New York Times. 1992.
Northouse PG. Leadership: Theory and Practice. Sage Publications, Inc.; 2013.

Etzkowitz H, Ranga M, Conway C, Dixon L, Lojoki O, Vehvilainen M, et al. Final Activity Report. The
Vanish Box: Disappearance of Women in Science; Reappearance in Technology Transfer. 2009. Avail-
able: https://eprints.ncl.ac.uk/139799

Berryman S. Who Will Do Science? Minority and Female Attainment of Science and Mathematics
Degrees: Trends and Causes. New York: Rockefeller Foundation; 1983.

Cronin C, Roger A. Theorizing progress: Women in science, engineering, and technology in higher edu-
cation. J Res Sci Teach. 1999; 36: 639-661.

Agrawal R, Imielinski T, Swami A. Mining association rules between sets of items in large databases.
ACM SIGMOD Rec. 1993; 22: 207-216. https://doi.org/10.1145/170036.170072

Gokul S. Market-basket analysis and prediction. Towar Data Sci. 2020.
IBM Knowledge Center. Lift in an association rule. IBM Knowl Cent.

Apanowicz J. Metodologiczne elementy procesu poznania naukowego w teorii organizacji i zarzadza-
nia. Gdynia: Wydawnictwo WSA i B; 2000.

tobocki M. Metody i techniki badan pedagogicznych,. Krakéw: Oficyna Wydawnicza Impuls; 2007.
Babbie E. Badania spoteczne w praktyce. Warszawa: PWN; 2004.

Krause E, Tomaszewska R, Pawlicka A. Dataset: Mothers-scientists—work-family conflict. 2021.
https://doi.org/10.7910/DVN/ZWJTUC

Agrawal R, Srikant R. Fast Algorithms for Mining Association Rules. Proc 20th int conf very large data
bases, VLDB. 1994.

Bhargava M, Selwal A. Association Rule mining using Apriori Algorithm: A Review. Int J Adv Res Com-
put Sci. 2013; 4. https://doi.org/10.26483/ijarcs.v4i2.1527

Chen Y-L, Tang K, Shen R-J, Hu Y-H. Market basket analysis in a multiple store environment. Decis
Support Syst. 2005; 40: 339-354. https://doi.org/10.1016/j.dss.2004.04.009

Shukla R, Solanki AK. Performance Analysis of Frequent Pattern Mining Algorithm Using Apriori on
Medical Data. Int Res J Comput Sci. 2015; 2.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276201 October 18, 2022 27/27


https://doi.org/10.1371/journal.pone.0022590
http://www.ncbi.nlm.nih.gov/pubmed/21850232
https://rownoscwbiznesie.info/szklane-zjawiska-definicja/
https://rownoscwbiznesie.info/szklane-zjawiska-definicja/
https://doi.org/10.1093/acrefore/9780190224851.013.42
https://eprints.ncl.ac.uk/139799
https://doi.org/10.1145/170036.170072
https://doi.org/10.7910/DVN/ZWJTUC
https://doi.org/10.26483/ijarcs.v4i2.1527
https://doi.org/10.1016/j.dss.2004.04.009
https://doi.org/10.1371/journal.pone.0276201

