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ABSTRACT
In Germany, as in many other industrial nations, there is currently
a shortage of skilled workers in the IT sector, also known as the
"war for talents". It is becoming increasingly difficult for companies
to find suitable personnel using traditional recruiting instruments.
Against this background, but also due to legal requirements, it is be-
coming more and more important that job postings are formulated
in such a way that they have the greatest possible impact and no
group of suitable applicants feels excluded. This study presents an
approach that can be used to measure the gender bias in job post-
ings in particular. A respective tool could provide recruiters with
an instrument to identify and prevent unwanted gender bias. In our
study, the prototype of such a tool will be developed and initially
applied to analyse job postings in the IT sector of the German job
market in comparison to samples from the automotive and health
care sectors. We present some key statistics of this analysis and an
outlook on future work.
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1 INTRODUCTION
The “war for talents” refers to the current competition for skilled
workers in many industrial nations. In this it is becoming increas-
ingly difficult for companies to find suitable personnel. In Germany,
the competition for skilled workers will even increase in the future
due to a predicted decrease in labour force [46].

In order to survive the war for talents, organisations try to find
ways to become attractive employers for highly skilled job seekers.
Unsurprisingly, also research deals with topics like organisational
attractiveness, person-organisation (P-O) fit, corporate image, em-
ployer image or employer branding, to name but a few [16]. Accord-
ing to several studies it is very important that applicants perceive a
match or sense of similarity between their personal and the organi-
sational characteristics and values [7–9, 31] as cited in [16].

Job postings are an important recruiting instrument attracting
the attention of qualified potential employees. A job posting is
defined here as the announcement and dissemination of an open
position by a company or other employers. The term is used in
the following regardless of whether the job posting is published
unpaid by the company itself (e.g., on the company’s career website)
or paid by a third party (e.g., a job portal provider) and thus also
includes job advertisements. Job postings are one of the first ways
of getting to know an organisation and allow job seekers to check
if there is a match between themselves and the job or organisation.
Finally, they can encourage potential employees to apply for the
job [1]. Job postings were originally placed in print media but are
now increasingly distributed online via the Internet. Consequently,
job postings nowadays consist not only of text, but many other
components such as logos, images, links to career websites, social
media or even videos. Nevertheless, text remains the most impor-
tant source for applicants to find out the job description, expected
qualifications, requirements, tasks and benefits.

Against this background but also due to legal requirements con-
cerning the equal treatment of all applicants, it is becoming more
and more important that job postings are formulated in such a way
that they have the greatest possible impact and no group of suitable
applicants feels excluded. Nevertheless, recent research has shown
that some job postings do not achieve this goal due to a hidden
gender bias [20, 40]. In contrast to the explicit bias based on gen-
der, the hidden gender bias reflects itself in a significant presence
of gender stereotyped words in job postings. Gender stereotypes
are generalizations and characterizations about the attributes and
the behaviour of men and women [22]. They contain beliefs about
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how women and men typically are like (descriptive stereotypes)
and beliefs about how men and women should be like (prescrip-
tive stereotypes) [15, 22]. Research suggests that especially the
presence of typically male-stereotyped words is problematic and
hinders women from applying for a job [2, 20]. This not only leads
to gender inequality, but also to a loss of potential talent through
unintentional bias.

In this paper, we will examine which keywords contribute to
a gender bias in job postings and how this gender bias can be
measured. The present study is one of the first to focus on German-
language texts, taking into account the specific characteristics of
the German grammar (articles like "der”, “die”, “das", in English
“the”; gendered Endings of Nouns "-er", "-in", etc.). A large corpus
of German job postings is being used for the first time in order
to do the statistical analysis and training of the machine learning
models necessary to our investigations. In addition, a tool will
be developed that automatically highlights words in job postings
that might positively or negatively influence whether women feel
addressed. The tool also calculates a gender bias score, which is
suggested as a measure of the gender-neutrality of the job posting
text and offers possible re-wordings to reduce a gender bias. Finally,
we apply this tool to a random sample of job postings from the IT
sector and other industries in order to check to what extent the
terms identified in the keyword repository are relevant to the real
job postings.

The paper is structured as follows: after the introduction, Section
2 describes the research background to gender bias in job postings.
Section 3 presents related research and the research objectives of our
study. Subsequently, Section 4 discusses how a keyword repository
has been set up based on a literature survey of previous research on
gender bias in job descriptions. That section also contains a proposal
for the keyword-based calculation of a gender bias score in texts of
job postings and elaborates on the development of a corresponding
tool for the analysis of job postings. The approach and the findings
of a brief study using the tool prototype for analysing a sample set
of job postings from the German job portal jobstairs.de is contained
in Section 5. Section 6 presents the discussion and conclusions
followed by a section with an outlook on future research.

2 BACKGROUND ON GENDER BIAS
Gender bias and gender inequality are important actual research
issues and closely related. Research on gender inequality in work-
places indicates that gender inequality can lead to not only moral
but also economic consequences like financial losses and decreased
innovation [10, 14] as cited in [43]. A meta-analysis [43] shows that
perceived gender discrimination at work is negatively related to dif-
ferent personal outcomes (e.g., physical health outcomes and behav-
iors, psychological health outcomes) and to work-related outcomes
(e.g., job attitudes, job-based work outcomes and relationship-based
work outcomes).

Other studies examined gender bias in online contexts and sys-
tems. They found, e.g., that the user’s gender information in Google
Ads settings affects the advertisements that are shown to the user.
In fact, Google showed less job postings for high-paying jobs to
women than to men [11]. Further studies concentrated more on lan-
guage style analyses, exploring, e.g., differences in words that are

frequently used when writing about women or men. Results show
an evidence for gender bias in Wikipedia where family- or gender-
related words (e.g., “husband”, “women”, “marriage”, “child”) are
used more frequently in biographies of women than in biographies
of men [44, 45].

Of growing importance is the occurrence of gender bias in word
embeddings trained on free available online data (e.g., news arti-
cles, books, job postings websites). It has been found that word
embeddings reinforce biases already present in the data, leading to
analogies such as “man is to computer programmer as woman is to
homemaker” [5]. Nevertheless, methodological options were also
provided to reduce gender bias in word embeddings [5].

3 RELATED RESEARCH AND RESEARCH
OBJECTIVE

Research has found subtle but systematicwording differenceswithin
job postings from traditionallymale-dominated and female-dominat-
ed occupations [20, 40]. [20] analysed a total of 4,133 online job
postings. The researchers created lists of stereotypical masculine
and stereotypical feminine words and measured the total percent-
age of this keywords in the job postings. The results show that job
postings within male-dominated areas contained greater masculine
wording than job postings from female-dominated areas. There was
no difference in feminine wording across the different areas.

[40] analysed about 17 million job postings collected over 10
years from the online platform LinkedIn. The researchers devel-
oped two scalable algorithms, comparable to metrics of the online
services Textio and Unitive, that measure gender bias in job post-
ings. They have found a gender bias towards masculine wording in
the job market and identified the Technology sector as one of the
most male-biased sectors [40].

Concerning the Information Technology (IT) sector, analyses
showed an association between the IT profession and masculine
gender stereotypes. 4,046 university students enrolled in IT courses
in the U.S. were asked about their perceptions of the masculinity
and femininity of IT skills. Results show that masculine gender
stereotypes are being applied to the skills and knowledge that are
required for the IT profession [42].

However, it is not only of interest whether a bias exists, but also
what implications and consequences it has. Findings from several
studies suggest that a gender bias in job postings can actively or pas-
sively discourage potential applicants from applying [2, 6, 20, 40].
The wording of job postings influences the accessibility of men-
tal representations of women and men [36], the perceived gender
diversity within the occupation and the job appeal [20]. Research
indicates that male-biased wording in job postings “perpetuates the
image that these positions necessitate stereotypical male behaviour
exclusively” [23, p.732], and hence, reduces women’s interest in
these jobs and discourages them from applying [20]. The results
indicate that women seem to be more influenced by gendered word-
ing in job postings than men. Stereotypical male wording within job
postings reduces the job appeal and the anticipated belongingness
for women. Since women think that they will not belong, they may
not apply for the job [20]. So stereotypical male-wording seems to
"push" potential applicants away. Unbiased wording in job postings
may therefore increase the number of applications. Furthermore,



stereotypical female-wording might even "pull" potential applicants.
These findings could not be replicated in another study [40], but
it is important to mention that the methodology used was differ-
ent (participants in this study evaluated mostly job postings from
unfamiliar job areas).

Further results suggest that the type of linguistic description
of, e.g., job requirements and skills, can also create a gender bias.
Results indicate that women’s willingness to apply is greater if job
requirements are worded in a behavior-like way (verbs) than if they
are worded in a trait-like way (nouns) [6, 47].

The main limitation of the literature on the effects of gender bias
in job postings as far is that the studies are laboratory experiments,
usually conducted on students. What is still missing is practice-
oriented research on real job seekers. Another limitation of the
mentioned literature is that the research was mainly conducted in
English. To our knowledge, research on gender bias in German job
postings concentrates mainly on job titles, comparing generic mas-
culine forms vs. gender-fair forms [26, 27, 36]. These investigations
indicate that the use of gender-fair forms, i.e., feminine-masculine
word pairs (e.g., German “Arbeitnehmerin und Arbeitnehmer”, in Eng.
“employee, fem. and employee, masc”.) or gender-unmarked forms
(e.g., German “Arbeitskraft”, in Eng. “employee”) prevents a male
bias, leads to a higher inclusion of women in mental representation
[27], and might thus increase the probability of female applica-
tions. Further investigations and statistical analyses on German job
posting texts are still missing.

The motivation of this paper is to fill this gap and to conduct
practice-oriented research on German job postings. In contrast to
English, the German language is a grammatical gender language.
All nouns carry a grammatical gender (masculine, feminine or neu-
tral) and other sentence parts related to a noun (such as articles or
adjectives) change their form accordingly. Our research objective
is to develop an instrument that identifies and prevents unwanted
gender bias in German job postings, taking into account the spe-
cific characteristics of the German language and grammar. The
tool should mark keywords relevant for gender bias and suggest
improvements that reduce gender bias. The tool should also analyse
the form of job titles and suggest gender-fair forms where neces-
sary. Following previous research [20, 40], we will also analyse
whether the identified keywords can be found in real job postings,
and if so, to what extent. We have selected the IT sector as a sample
for this analysis for two reasons: First, because it is particularly
affected by the “war for talents”. And second, because previous
English-language research has found it to be particularly affected
by gender bias [40, 42].

The paper also intends to contribute to the further development
of theoretical gender bias research. As mentioned above, gender
bias has so far generally been investigated in relation to negative
aspects that discourage women from applying for jobs. In our re-
search, we will, therefore, also put those parts of job postings into
focus that might foster women applying for jobs. For example, tech-
nical competencies and skills are often found in male-dominated
occupational fields but are also necessary in job postings in order
to be able to fill positions appropriately. If task-related words with
push effect cannot be avoided, job postings may need to be enriched
by other pull words that encourage women to apply. The distinction
between such push and pull words can provide important impulses

for further research if the corresponding word usage can be proven
in practice.

4 APPROACH ON ANALYSING GENDER BIAS
IN JOB POSTINGS

4.1 Defining the Keyword Repository
We identified lists of gender-stereotypical Germanwords, frequently
used in job postings. Using a corpus of approximately 500,000 job
postings as collected on the jobstairs.de portal during the last ten
years, we have built a gender detection model using deep learning.
After training a custom vectorization algorithm (embedding), we
followed the approach of [5] and defined gender bias or gender-
stereotyping of a word as its projection onto the gender subspace
of the word embedding, identifying the gender direction by gender
pairs (e.g., she-he, her-his, woman-man, etc.). However, as noted
also by [21, 39], this analysis alone failed to capture the full picture
of gender bias. The authors of [21] suggest to use the notion of clus-
ter bias, following the observation that small individual projections
on to the bias axes can lead to a considerable bias in combination.
For the identification of these clusters, it was, in turn, necessary to
first identify male or female stereotypical words through human
annotation.

In order to create a repository of the male or female stereotypi-
cal keywords, we reviewed existing English speaking literature on
gender stereotypes generally [3, 12, 17, 32] and on the gender stereo-
types in thewording of job postings particularly [6, 13, 20, 24, 41, 47].
Furthermore, we reviewed existing German speaking literature on
gender stereotypes at the workspace [4, 29, 34, 37, 38] as well as on
specific recommendations for German job postings [18, 25, 28, 35].
Cross-cultural studies suggest that there are more similarities be-
tween Western countries in gender stereotypes than differences
[48]. Therefore, a part of our keyword repository is also based upon
translations of the words from the English speaking research. Next,
we have calculated the average correlation of these words with
the gender axis of the embedding and found indeed that the male-
stereotypical words have, on average, 56 percent larger correlation
with the male axis than with the female in our embedding. Further
more, the historical average of the job postings over the last 20
years shows higher prevalence of the male words in the postings
for the male-stereotypical professions and vice versa (the statistics
was limited by the small number of female-dominated professions).
The language usage changes dynamically, but the historical data
provide a good starting basis for our present study.

Our compiled keyword repository consists of three different
parts. Firstly, it consists of a list of gender biased words that might
discourage female potential applicants. This list contains stereotyp-
ical masculine adjectives and nouns or noun endings (e.g., *stärke,
*gabe)1 that are often used to describe job requirements (“push”
words). Secondly, it includes another list of words that might en-
courage female potential applicants, which contains stereotypical
feminine words, verbs or verb phrases that are often used to de-
scribe job requirements (“pull” words). Finally, we created a list of

1These German words are comparable to "strengths" and "abilities". However, in the
German language, terms are often formed by stringing together several words. In
the following, English terms will be used as examples. These words are only for
understanding, but do not represent the German word groups used in our approach.



gender-unmarked words and phrases that can be used to replace
gender biased words without changing the meaning should one
aim to reformulate a given text.

4.2 Scoring and Measurement
We propose to quantify the gender bias in job postings by using a
single number score that carries the information about the amount
of gender biased words of both kinds ("push" and "pull"). The score
𝑆 that we propose is calculated by the formula:

𝑆 =
1

1 + exp (−𝑥) , (1)

where

𝑥 =
1
𝑁

©«
∑

pull words
𝑤𝑖 −

∑
push words

𝑤𝑖

ª®®¬ , (2)

𝑁 =
©«

∑
pull words

𝑤𝑖 +
∑

push words
𝑤𝑖

ª®®¬ , (3)

and 𝑤 is the weight, which is equal to 1 or 2. We take 𝑤 = 2
for the words, which are established by more than one source
(publication) as being gender-stereotypical and𝑤 = 1 if only one
source identifies this word or the opinion is controversial in the
reviewed literature. By construction, the score lies in the interval
(0, 1). For the neutral texts with zero gender stereotypical words the
score is equal to 0.5. The higher the score, the more pull words are in
the text. For the score below 0.5 there are more push than pull words.
We use the logistic function in order to reflect the expectation that
the effect of push words of the text sentiment perception by the
applicant saturates at some level, in loose analogy with the reaction
of neurological systems to stimuli generally [30].

4.3 BetterAds – Model Implementation for
Analyzing Job Postings

We have developed an automated tool ("BetterAds") to analyse the
text of job postings, which not only finds the gender-stereotypical
words and calculates the score, but also provides suggestions for
reformulating parts of the text in a more gender-neutral way.

The functionality consists of the following parts:
• The raw page html code is pre-processed to obtain the title
and the main text of the job posting.

• The title of a job posting is analysed in order to extract job
titles (e.g., "Softwareentwickler", in Eng. "software developer,
masc." or "Putzfrau", in Eng. "cleaning woman"). The corre-
sponding job title is highlighted in blue.

• A gender-neutral or gender-opposite term is proposed for
the job title in a pop-in bubble (e.g., "Softwareentwicklerin",
in Eng. "software developer, fem." or "Reinigungskraft", in Eng.
"cleaning person")

• The main text and the title are analysed to find words and
expressions from the "push" and "pull" lists. These words
and phrases are highlighted in color-coded manner.

• The BetterAd-score is calculated according to the formula
(1) to indicate the gender-neutrality (𝑆 ≈ 0.5) or the degree

of bias (𝑆 < 0.5 for male-dominant, 𝑆 > 0.5 for female-
dominant) in the text.

• For each expression involving a push word, a suggestion is
provided of how to reformulate it gender-neutrally or using
pull words.

The tool has so far only been implemented as a prototype in order
to be evaluated in a first test phase. An evaluation can focus on
two important aspects in particular: Firstly, the question arises as
to whether the identified keywords can be found at all in real job
postings, and if so, to what extent. The second question is whether
the word changes suggested by the tool can improve the way female
applicants are addressed.

For the purpose of the second question, an ex-post analysis of
job postings would be possible, but with restrictions. First of all,
not only the postings would have to be analysed for the keywords,
but also information on the gender of the applicants who have
applied for the respective job postings has to be available. Since
the performance of different job postings is compared, it would still
remain unclear to what extent performance differences depend on
the keywords or other factors such as the attractiveness of the jobs
or employers. A better alternative is split testing, i.e., A/B testing,
comparing the performance of the unchanged job postings with
the optimised ones. However, as this article is work in progress, it
will deal with the first question, i.e. the findability and frequency
of the identified pull and push keywords in real job postings. Fur-
ther research can be conducted in the future to answer the second
question.

5 STUDY AND FINDINGS
Depending on the profession, the proportion of women and men
can vary greatly. In the field of obstetrics and maternity care, for
example, the proportion of women in Germany is 99.8 percent. At
the other end of the spectrum, i.e. in jobs with a very low propor-
tion of women, there are, for example, jobs in the construction
industry, especially in facade construction. Here, the proportion of
women is only 0.2 percent [19]. The reasons for these very different
percentages of women are very diverse and can be due to social
norms, salaries, physical requirements, existing employment struc-
tures or working environments. Even within one profession, the
proportion of women can vary, for example, depending on whether
they have regular employment contracts or management positions.
In the short term, the existing distribution of men and women in
an occupation is also likely to have a significant impact on the
expected gender distribution of potential candidates as well as ap-
plicants, even though the distribution may change over time, for
example because more men or women choose to study or train for
a particular occupation.

Against this background, it is to be expected that gender bias
in job postings also has a different significance depending on the
occupational group. It is therefore plausible to assume that occupa-
tional groups in which only a few female applicants can be reached
also formulate their job postings in a less female-oriented manner
than is the case for applicant groups with a high proportion of
women. In principle, however, the differences should not be too
great, since employers are already required by law to refrain from
gender-specific discrimination in job postings. However, on the



other hand, if there is a chance of generating female applicants in a
previously male-dominated profession, it can be very attractive for
employers to intensify efforts to address women appropriately.

IT specialists are a male-dominated occupational group with
a shortage of skilled workers and a high potential of qualified
women [33]. In Germany, the proportion of women in IT and other
ICT occupations is currently 16.5 percent [19]. The following study
will therefore examine a sample set of IT job postings according
to gender bias keywords. For comparison purposes, sample sets in
occupational groups with high and low proportions of women will
also be used. The procedure is described in the following section.

5.1 Scope of Research and Sample Selection
Within the framework of the study, job postings on the German
job portal jobstairs.de were examined, with which the authors are
conducting a joint research project. This portal is characterised
by a special business model: companies do not place individual
job ads, but agree on contract packages that allow for the posting
of larger batches of postings. Therefore, the individual job cate-
gories are partly dominated by a few larger German companies that
disseminate their job offers on this portal.

The selection of job postings was made at the end of January
2020. At that time there were over 32,000 active job postings in the
portal. To select the comparison sets for the IT sector, the three job
categories from the portal with the highest and lowest proportions
of women employed in the industry were examined more closely.
It should be noted that the occupational groups from the official
job statistics could not directly be assigned to the portal’s job cate-
gories. Thus, Table 1 shows the number of active job postings in
the different categories as well as the the proportion of women
employed according to the official job statistics [19] in the closest
equivalent professional group. Based on these considerations, the
portal’s job categories Automotive and Automotive Suppliers and
Health Care and Medical were selected as comparison groups as
there were sufficient job postings from various companies in the
respective categories.

Table 1: Selection of Job Categories for Comparison Sets

Portal’s Job Category Number
of Jobs

Prop. of
Women

Construction Industry 271 1.5%
Energy / Utility 18 3.9%
Automotive / Automotive Suppliers 6,612 7.7%

IT / IT Services 190 16.5%

Media 17 61.5%
Auditing / Tax Consultancy 1,320 74.9%
Health Care / Medical 493 82.2%

Source: The proportion of women employed in the industry was
approximated by corresponding professional groups from [19].

Within each of the three groups IT/IT Services [ITS], Automo-
tive/Automotive Suppliers [AAS] and Health Care/Medical [HCM],
a random sample of 100 job postings was generated. These sets
were refined by excluding non-German language ads and internship

positions. This was required as the tool was realized based on Ger-
man keywords only and internship postings are characterized by a
different text structure. In a further step, the correct classification
of the job categories was checked and job postings with incorrect
classifications were eliminated manually.

5.2 Preliminary Findings in the Sample
The final sizes of the sample sets and some key statistics on the
BetterAd scores are shown in Table 2. As mentioned before, a score
of 0.5 represents a gender-neutral text of the job postings. Below
0.5, women tend to be discouraged from applying to a job by the
dominance of push words. At scores above 0.5, the effects of the
pull words that encourage women predominate. Looking at the
statistical data, it can be seen that the mean BetterAd score was
highest in job postings in the HCM group (M=0.4150, SD=0.1247),
which has the highest proportion of women among employees. In
job postings of the strongly male-dominated group AAS, the mean
value of the BetterAd score was lowest (M=0.3241, SD=0.1197). In
the area of job postings from the IT sector (ITS), the mean value
(M=0.3948, SD=0.1011) of the score was between the aforemen-
tioned values, but also surprisingly high. A t-test for independent
samples was performed between the groups of ITS and AAS as well
as ITS and HCM to test the statistical significance of the observed
deviations of the mean scores. The tests show: the differences of
the score’s mean value between ITS and AAS differ significantly
(t(126)=–3.509, p=0.001), while there are no significant differences
for IT and HCM (t(143)=–1,073, p=0,285).

Table 2: Selection of Job Categories for Comparison Sets

Category Param. N Min Max Mean Std

AAS Score 43 0.1192 0.7311 0.3241 0.1197
Push2 43 0 13 4.77 3.146
Push1 43 0 6 1.26 1.026
Pull2 43 0 5 1.44 1.652
Pull1 43 0 16 5.30 4.229

ITS Score 85 0.1945 0.7711 0.3948 0.1011
Push2 85 0 10 5.21 2.596
Push1 85 0 9 2.56 2.107
Pull2 85 0 6 2.01 1.842
Pull1 85 2 25 9.22 4.199

HCM Score 60 0.1720 0.7311 0.4150 0.1247
Push2 60 0 7 1.43 1.609
Push1 60 0 5 1.13 0.791
Pull2 60 0 6 1.02 1.127
Pull1 60 0 16 3.53 2.613

Interesting observations are also made on the frequencies of
push and pull words. Table 2 shows separate word count statistics
for keywords with single (Pull1, Push1) or double (Pull2, Push2)
weighting in the score formula as described in Section 4.2. Themean
value of Pull2 keywords encouraging applications from women
is highest in the group of job postings ITS (M=2.01, SD=1.842)
and lowest in HCM (M=1.02, SD=1.127). This could confirm the
assumption that such words are used especially in those groups



that are male-dominated but suffer from a lack of skilled workers
and therefore try to recruit more women.

The differences in the use of push and pull keywords in the
job posting categories can be illustrated using scatter plots. The
following diagrams show the sums of the weighted number of
push and pull keywords. Figure 1 shows this representation for
the job postings from the AAS group. Each of this sums include,
for example, the number of Push2 keywords multiplied by two
as well as the value of the number of Push1 keywords for a job
posting. In addition, the mean values of these sums are shown
as red lines in the diagrams. Since AAS is a category with male-
dominated professions, it is plausible that there are relatively many
push keywords compared to pull keywords, which means a stronger
gender bias exists that can discourage women from applying. It
should be kept in mind that push keywords can be originated in
the description of the job itself (e.g. "analyst").

Figure 1: Keyword Plot for AAS

A different picture can be seen in Figure 2, which shows the
values for the category HCM. Postings in this category are charac-
terized by almost equally few pull and push keywords. This could
be interpreted in a way that the job postings contain few keywords
that are dissuasive or discouraging to women, but also that no spe-
cial effort is made to make the job postings particularly attractive
to women.

The wide range of values in the job posting category ITS in
Figure 3 is interesting. In comparison to the other two categories,
the highest average values are recorded for the totals of the push and
pull keywords. In the case of the push keywords in this category of
male-dominated professions, many are used to describe the specific
requirements of the jobs, which are very technically and analytically
oriented. Traditionally, recruiters describe these skills using the
words associated with the male gender (e.g., "analyzing", "master").
However, the job postings in this category also show the highest
mean values for the pull keywords. As suspected at the beginning,
this could be an indication that employers are already making
efforts to integrate more pull keywords in the intention to motivate
women to apply.

Finally, we identify the most frequently observed Push2 and
Pull2 keywords across our sample. The results are shown in Table

Figure 2: Keyword Plot for HCM

Figure 3: Keyword Plot for ITS

3. The listed terms represent the English translations of the word
stems or word groups that occurred most frequently in the German-
language analysis. The term "ability" thus stands for various terms
that were explicitly demanded by the applicants in the job postings
as qualifications ("ability", "gift", "talent", "skill"). Also shown are the
proportions of corresponding keywords among the total number
of keywords marked in the analysed job postings.

Table 3: Top 5 Word Stems for Push2 and Pull2 Keywords

Push2 Keyword Prop. Pull2 Keyword Prop.

Ability 35% Involvement 32%
Analysis 15% Creativity 24%
Flexibility 9% Communication 12%
Top/Best 4% Motivation 11%
Autonomous 2% Inspiration 9%

Based on the listed keyword stems, it is clear that the optimiza-
tion of the corresponding job postings will offer some challenges.



For example, it is not enough to increase the number of keywords
that encourage women to apply. It is also important to reduce mas-
culine stereotypical keywords. As Table 3 shows, however, push
keywords are often linked to the way in which knowledge and
skills requirements are communicated, namely, in the static fash-
ion: one either has "analytical abilities", "communication talent" and
"command of English language" or not. Optimizing such job post-
ing texts is a particular challenge, because it involves thoughtful
reformulation into the skill requirements in the action form: "you
find solutions to difficult problems and readily understand complex
structures", "you can communicate clearly". After all, a wording opti-
mised job posting that appeals to women must nevertheless reflect
the expected requirement profile as precisely as possible.

In the developed tool prototype, artificial intelligence methods
were used to find suitable synonyms and suggested formulations
that still adequately represent, for example, the knowledge require-
ments, but are better suited for female target groups. In further
research work, it will be necessary to investigate not only to what
extent job postings optimised in this way for the reduction of gen-
der bias can indeed generate more female applicants, but if the
text optimization does not discourage the male applicants, and also
to what extent the applicants acquired due to the reformulation
actually meet the job requirements.

6 DISCUSSION AND CONCLUSIONS
The objective of this research was to develop a prototypical tool
to measure the gender bias of job postings. Furthermore, the tool
should mark keywords relevant for gender bias and suggest changes
to the wording, which improve gender-neutrality and possibly en-
courage a wider talent pool to apply. Based on the results of research
on gender bias in the context of recruiting, a keyword repository of
push and pull words was defined. Push words were considered to
be those that in previous studies were proven to discourage women
from applying, and pull words were those that tend to encourage
women to apply. Moreover, a formula for the calculation of a gender
bias (BetterAd) score was developed and implemented. Initial tests
of the tool on three random sample sets of job postings from a Ger-
man job portal showed that the tool delivers plausible results. Thus
the proposed BetterAd score provides an orientation for identifying
gender bias in job postings. However, the differences in the scores
are small and not for all samples statistically significant, so that the
validity of the model still needs to be further evaluated.

6.1 Practical Recommendations
An important finding of this study for practitioners can be found in
the preparatory work for the development of the word repository. It
does not appear to be advisable to rely solely on machine learning
approaches for the identification of gender bias. Instead, expert-
based approaches are preferable, which are also based on the current
state of research. With the combination of expert knowledge and
machine learning, however, approaches and tools can be developed
which are applicable in practice.

The initial tests with our tool support the assumption that the
number of push words in job postings of male-dominated occupa-
tional groups tends to be higher. The introduction of such tools
can, therefore, sensitize the creators of job postings to avoid push

words where possible and to replace them with gender-neutral
formulations. The results of our study also indicate that pull words
are used very differently across professional groups. Pull words
are not necessarily being used to a greater extent where many
women are applying anyway. Especially in the male-dominated IT
sector, where there is a high shortage of skilled workers, pull words
are already being used extensively. Companies in practice should,
therefore, always keep these two dimensions of optimization in
mind (substitution of push words and increased usage of pull words)
when formulating job postings. For such an enrichment with pull
words or a compensation of push words, tools like the proposed
one can provide valuable assistance.

6.2 Theoretical Implications
This study is focused on applied research. Therefore, this paper was
not intended to directly validate or extend theories in the field of
gender bias research. However, the findings from the development
and initial application of the tool may provide important impetus
for gender bias research, particularly with regard to the proposed
distinction between push and pull words. Previous research and
theories have focused primarily on the negative impact of non-
gender-neutral or masculine formulations in job postings. There is a
lack of theoretical explanatory models of how beneficial pull words
alone, but also in interrelation with push words, affect not only the
perception of a job posting but also the intention to apply for jobs by
women. The results of our initial tool deployment indicate that such
compensation of push by pull words is already being attempted in
practice in male-dominated occupational groups with a shortage of
skilled workers and make the need for further research evident.

7 OUTLOOK ON FUTURE RESEARCH
This research is a work in progress. The approaches presented and
the results of the study are therefore to be regarded as preliminary
and are characterized by various limitations. The validation of the
suggested score does not only require larger sample sizes, but also a
more comprehensive set of job postings from a larger variety of em-
ployers. Future user tests with recruiters may not only investigate
the validity of the BetterAd score but also the acceptance of wording
improvements suggested by the tool. As already mentioned, split
or A/B testing is necessary to find out whether the reduction of the
gender bias can actually attract more female applicants. In addition,
the fit of the applicants derived with the optimized job postings
must be evaluated. Further limitations relate to the calculation of
the score. In the existing formula, only the absolute word counts
found in job postings have been considered. It should be examined
to what extent the score provides robust results with regard to
differing text lengths of the job postings. However, the tool has
reached a stage of development that allows comprehensive testings
within groups of selected lead users in practice. The findings of
these tests will be reported in the near future.
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