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Abstract

Monitoring hygiene and motivation factors from Herzberg’s Two-Factor Theory is a popular way of understanding the
influential aspects for employee satisfaction and motivation. The increased availability of employee feedback comprised in
online employer reviews yields a promising data source to learn more about these influential factors and the theory itself.
However, the application of the Two-Factor Theory to such reviews is yet missing. Thus, this article demonstrates how to
apply this theory to more than 2 million online employer reviews. For that, review aspects as well as review ratings are
leveraged to study factors that influence employee satisfaction with respect to the theory. Based on the gained insights, a
prediction experiment is conducted to forecast employee satisfaction through the textual content of reviews. The presented
approach identifies relevant aspects for satisfied and dissatisfied employees working in 43 different industries and 4 different
countries. Overall, the results indicate that hygiene factors are most relevant for reviewers, while motivation factors are rather
incidental. The prediction experiment achieves a mean balanced accuracy of 0.87, suggesting that review text is predictive
for employee satisfaction. Further, the article adds useful input to the discussion of the Two-Factor Theory by providing
comparative results across a plethora of different employers, industries and countries.

Keywords Employee satisfaction - Online employer reviews - Two-Factor Theory - Prediction

1 Introduction the accumulated experiences of employees (Hollig 2021).

Thus, these reviews provide rich information about employ-

Nowadays, online employer reviews are available in large
volumes and provide new research opportunities by com-
plementing traditionally collected data (e.g., manually
conducted employee surveys) in organizational sciences
(Stamolampros et al. 2020). Online employer reviews are
employer evaluations written by current or former employ-
ees on dedicated reviewing websites and typically reflect
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ers and have already served as foundations for numerous
empirical studies, for example, in the context of employer
branding (Dabirian et al. 2017), organizational culture (Das
Swain et al. 2020) as well as corporate performance (Luo
et al. 2016).

One prominent field of study in organizational sciences
is employee satisfaction, as it is closely linked to employee
motivation and their resulting performance and, as such, is
crucial to the economic success of businesses (Dobre 2013;
Kumar and Pansari 2015). In previous research of employee
satisfaction, online employer reviews have been utilized to
study the factors that influence it. For example, existing
research focused on the positive effect of family led busi-
nesses (Huang et al. 2015) or of demographically diverse
leader boards (Creek et al. 2019) on employee satisfaction,
or how state-level minimum wages positively affected sat-
isfaction of beginners, but negatively affected satisfaction
of seniors (Storer and Reich 2021). Other studies exploiting
employer reviews also focused on similarly concrete prob-
lems, for example, employee satisfaction among I'T workers
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(Moro et al. 2020) or within the tourism and hospitality
industry (Stamolampros et al. 2019).

Traditionally and in an offline context, measuring
employee satisfaction is based on both a solid theoretical
framework identifying important aspects contributing to
satisfaction as well as empirical analyses of data manually
collected through interviews and surveys in businesses (e.g.,
Nohria et al. 2008). However, such an overarching theoreti-
cal framework is still largely missing in the previous studies
of employee satisfaction based on online employer reviews.
Rather, each of these studies had their own interpretation of
employee satisfaction and, thus, comparisons among them
are difficult to transpose, especially when linking them to
research conducted on traditionally collected data.

With this paper, we set out to close this gap by applying
a solid and established theory of employee satisfaction—
the Two-Factor Theory (Herzberg et al. 1959)—to online
employer reviews. This theoretical framework has been
utilized by many scholars (e.g., Alfayad and Arif 2017;
Lundberg et al. 2009; Kotni and Karumuri 2018) to moni-
tor employee satisfaction via traditionally collected data.
In a nutshell, this theory identifies two types of factors: (i)
hygiene factors (e.g., company culture, salary and working
conditions) related to employee dissatisfaction and (ii) moti-
vation factors (e.g., responsibility, advancement and recog-
nition) related to employee satisfaction. Hygiene factors
are essential to prevent dissatisfaction, whereas motivation
factors are crucial for the actual satisfaction of employees
(Herzberg 1966).

We believe that analyzing employee satisfaction
expressed in online employer reviews through the Two-Fac-
tor Theory yields several advantages for both the analysis of
online reviews as well as for the study of employee satisfac-
tion. Firstly, online reviews are publicly available circum-
venting the time-consuming and cost-intensive process of
manually collecting employee feedback. Secondly, online
employer reviews represent a continuous data stream, allow-
ing to precisely monitor hygiene and motivation factors over
time. Thirdly, considering online employer reviews through
the lens of the Two-Factor Theory explains review ratings
and allows to compare results to findings from a plethora of
existing studies conducted in offline settings (i.e., through
traditional survey data). Lastly, the theory’s application to
these new data sources can help us in learning more about
the theory itself and whether and how its postulates have
evolved in our modern times.

Hence, in our paper, we analyze a bilingual dataset con-
taining more than two million online employer reviews
extracted from the employer review platform kununu.
Reviews contain feedback on various aspects (e.g., sup-
port from management or teamwork) in the form of ratings
ranging between one and five stars as well as (optional)
review text. We link these review aspects to either hygiene
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and motivation factors and interpret review ratings as an
expression of employee satisfaction. In Fig. 1, we provide
an exemplary illustration of this process. To see how the
concepts of the Two-Factory Theory apply to reviews, we
derive and test multiple hypotheses (see Table 1) focusing
on the attention devoted to aspects as well as the textual
content of reviews. Finally, we illustrate a practical utility
of our findings through a prediction experiment.

In our study of online employer reviews we find that, in
accordance with the theory, dissatisfied employees devote
more attention towards review aspects related to hygiene
factors and frequently include terms related to these factors
in their reviews. However, our results reveal that hygiene
factors go beyond mere dissatisfaction, suggesting a critical
importance of hygiene factors in online employer reviews
as they not only preventing dissatisfaction but frequently
also foster satisfaction. We also find some evidence for
the generalization of our results across industrial, cultural
and employment status differences in the context online
employer reviews. Finally, we leverage our empirical results
to accurately predict employee satisfaction of individual
companies, achieving a maximum balanced accuracy score
of 0.87.

Overall, the contribution of our work is three-fold: First,
we demonstrate how online employer reviews can be linked
to the traditional Two-Factor Theory, allowing us to study
influential factors for employee satisfaction through such
reviews in a systematic way. Second, we add fruitful input
to the discussion of this popular theory by applying it to a
novel dataset. This bares potential implications for the factor
assignment, as we revisit hygiene and motivation factors for
the digital age. Finally, we utilize the combination of online
reviews and hygiene and motivation factors to construct
models predictive of employee satisfaction.

2 Research background

2.1 Employee satisfaction and the Two-Factor
Theory

Employee satisfaction, also referred to as job satisfaction,
generally describes how employees feel about their work
(Janssen 2001). Researchers seeking to better understand
employee satisfaction had varying conceptions about how
it forms and how it can be explained. An early concept of
employee satisfaction was introduced by Hoppock (1935),
who described it as a combination of psychological, physi-
ological as well as environmental conditions that cause
individuals to be truthfully satisfied with their jobs. While
the author mentioned the influence of external factors, he
was convinced that employee satisfaction mainly depends
on internal factors, such as personal traits, of employees.
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Fig. 1 Studying online employer reviews through the lens of Herz-
berg’s Two-Factor Theory. The figure illustrates how we apply Her-
zberg’s Two-Factor Theory to online employer reviews on kununu.
On the left we depict an excerpt of a positive employer review and
on the right we depict examples for hygiene as well as motivation
factors. In particular, we operationalize the overall ratings of reviews
(displayed in the top left corner of the excerpt and highlighted in
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blue) as an expression of employee satisfaction and individual review
aspects as individual feedback on either hygiene factors (example
highlighted in red) or motivation factors (example highlighted in
green). Note that the exemplary terms for hygiene and motivation fac-
tors stem from words that are frequently related to them in existing
research (see Appendix A.3)

Table 1 Hypotheses

Focus # Hypothesis Result
Attention 1.1  Satisfied employees write more reviews on motivation factors. X
1.2 Dissatisfied employees write more reviews on hygiene factors. v
1.3 Satisfied employees write longer reviews for motivation factors. v
1.4 Dissatisfied employees write longer reviews for hygiene factors. v
Sentiment 2.1 Satisfied employees write more positively about motivation factors. X
2.2 Dissatisfied employees write more negatively about hygiene factors. v
Readability 3.1 Satisfied employees write more readable reviews about motivation factors. X
3.2 Dissatisfied employees write less readable reviews about hygiene factors. X
Content 4.1 Satisfied employees use more words related to motivation factors. v
4.2 Dissatisfied employees use more words related to hygiene factors. v
Generalization 5.1 Results are independent of cultural context. ~
5.2 Results are independent of industry. ~
5.3 Results are independent of employment status (i.e., current or former). ~

The table lists our individual hypotheses as well as their main focus and our respective findings (v' = strong
support; ~ = weak support; X = rejection)

Similarly, Blood (1969) found evidence of employee satis-
faction to be solely depending on the values and expectations
one brings to work by interviewing more than 400 army
personnel. These assumptions are different to the ideas of
Vroom (1964), who described employee satisfaction to be

dependent on the roles of employees at the workplace, sug-
gesting that the actual content of work is most decisive for
it. Schneider and Schmitt (1976) understood the satisfac-
tion of employees very similarly and even conceptualized
it to be completely depending on organizational conditions
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and not on predispositions of employees. Locke (1976) saw
employee satisfaction to be the result of a mixture of both
the conditions at work as well as the personal qualities of
employees themselves. He also stated that the engagement
of employees is closely related to employee satisfaction.
In a more recent study, Choo and Bowley (2007) outlined
employee satisfaction to be the outcome of job performance,
for example, by achieving goals or by perceiving the general
success of a company.

Another well-known theory that elucidates employee
satisfaction is the Two-Factor Theory (Herzberg et al.
1959) introduced by Frederick Herzberg in 1959. Herzberg
defined the Two-Factor Theory by collecting feedback from
203 accountants and engineers, asking them in which situa-
tions they felt either good or bad about their work. Leverag-
ing the gathered feedback, he defined two different sets of
needs that both contribute to employee satisfaction, namely
(1) hygiene factors and (ii) motivation factors. Hygiene fac-
tors cover basic needs that are not directly related to the
content of a job but rather represent the surroundings of it,
such as the compensation for an employee’s work, the com-
pany culture or the interpersonal communication. On the
contrary, motivation factors relate to the self-actualization
needs of employees, focusing, for example, on responsibili-
ties, achievement and the actual content of the work itself.
Motivation factors follow the idea that humans strive for
always improving themselves (Herzberg 1966, 2017), a fact
that can only be satisfied by altering the content of work
(Tietjen and Myers 1998). According to Herzberg’s theory,
the satisfaction of hygiene factors can prevent dissatisfaction
and poor performance of employees but only the satisfaction
of motivation factors encourage high employee satisfaction
and, as such, high productivity. Note that the absence of
motivation factors does not necessarily lead to dissatisfac-
tion among employees.

Ever since the introduction of the Two-Factor Theory,
several empirical analyses tested for it in different industries
or showcasing its general applicability. For example, Lund-
berg et al. (2009) investigated work motivation of seasonal
workers in hospitality and tourism, finding support for the
Two-Factor Theory, but also uncovering discrepancies in
the needs of seasonal workers. In a related context, Balmer
and Baum (1993) demonstrated the general applicability of
the theory by using it to investigate guest motivation in hos-
pitality. DeShields et al. (2005) used the theory to study the
motivation and satisfaction of business students, translat-
ing hygiene factors to capture performance of advising staff
and motivation factors to capture performance of classes
and faculties. Again, researchers find support for Herzberg’s
Two-Factor Theory.

More recent works studied, for example, the influence of
employee voice (i.e., employees communicate their views
to employers) on employee satisfaction by applying the
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Two-Factor Theory to feedback from 300 non-managerial
employees (Alfayad and Arif 2017). Here, researchers found
that acknowledgment of employee voice pushes motivation
and therefore increases employee satisfaction. Holmberg
et al. (2018) investigated reasons for shortages of nursing
personnel in Swedish mental health care using the Two-
Factor Theory. They based their analysis on interviews with
25 nursing personnel demonstrating the usefulness of Her-
zberg’s theory and identifying the lack of career advance-
ments as a partial reason for these shortages. In another
study, Hur (2018) reported differences between public and
private sectors in how hygiene factors and motivation fac-
tors affect employee satisfaction. Kotni and Karumuri (2018)
applied Herzberg’s Two-Factor Theory on data from 150
salesmen of the retail sector and found that they are more
satisfied with hygiene factors as compared to motivation fac-
tors, suggesting discrepancies from the Two-Factor Theory.
With our work we aim to complement these studies on the
impact and importance of hygiene and motivation factors,
but instead of basing our study on manually collected survey
data, we demonstrate how to apply Herzberg’s Two-Factor
Theory to employee feedback collected from the Web.

2.2 Employee satisfaction and online reviews

Most works investigating online reviews of employers
focused on the website Glassdoor.! For example, a previ-
ous study by Marinescu et al. (2018) described a selection
bias in online employer reviews, where people with extreme
opinions are more motivated to share their experiences as
compared to people with moderate opinions. To counter-
act this problem, the authors suggested to provide incen-
tives for reviews, which mitigates the motivational deficit of
people who hold moderate opinions. Dabirian et al. (2017)
extracted 38, 000 reviews of the highest and lowest ranked
employers on Glassdoor in order to identify what employees
care about and made suggestions to employers on how to
become a great place to work. Chandra (2012) used Glass-
door reviews to uncover different perspectives of work-life-
balance in eastern and western cultures. In another study,
Luo et al. (2016) analyzed multi-aspect employer reviews on
Glassdoor and reported a positive correlation between over-
all employee satisfaction and business performance. Nota-
bly, authors also discovered a negative correlation for some
review aspects, including safety, communication and integ-
rity. More recently, Green et al. (2019) analyzed reviews
from Glassdoor and their influence on stock returns Their
results indicate that companies for which reviews become
more positive over time significantly outperform companies
for which reviews become more negative over time.

! Link to website: https://glassdoor.com
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In contrast to the aforementioned works, we focus on
online employer reviews found on kununu. We opted for
this platform as we find it to be a currently underrepresented
data source for research conducted in organizational sci-
ences. Further, the various review aspects of kununu are
best suited for the present study. One existing work, which
utilized 25, 827 reviews collected from the German ver-
sion of kununu,> was conducted by Konsgen et al. (2018),
who studied how review discrepancy affects job seekers.
The authors found that high levels of discrepancies lead
to increased intentions to avoid submitting applications to
respective employers. In a preliminary work (Koncar and
Helic 2020), we studied the interaction of employee ben-
efits, employee positions as well as employment status with
employee satisfaction expressed in employer reviews col-
lected from kununu. We found that our results are mostly
consistent with findings gained from studies conducted with
traditional and manually collected survey data.

Apart from online employer reviews, other online con-
tent as well as social networks have been studied to ben-
efit employees. For example, existing studies focused on
why and how employees use social networking at work
(DiMicco et al. 2008) or how employee engagement spreads
in organizational social media (Mitra et al. 2017). Similarly,
Shami et al. (2014) analyzed texts of internal and external
social media platforms to extract emotions and opinions of
employee chatter. De Choudhury and Counts (2013) inves-
tigated emotional patterns during times of high and low
productivity. In another work, Guy et al. (2016) studied
how users use the “like button” in an organizational context
and how it may relate to organizational commitment. More
recently, Saha et al. (2019) used data from Linkedin® to study
role ambiguity (i.e., unclear responsibilities and degree of
authority of employees) and its effects on employee wellbe-
ing. Their proposed method can help to identify role ambi-
guity in organizations and demonstrates the potential of
analyzing data from the Web and using gained insights to
improve life at work.

Jointly, the presented studies highlight the added value
of online employer reviews to compliment traditional quali-
tative studies and to answer diverse research questions in
organizational sciences. In the following sections, we dem-
onstrate how to link such reviews to a traditional theory in
order to study employee satisfaction and, based on our find-
ings, we propose a predictive model that may allow employ-
ers to assess satisfaction levels detached from reviewing
platforms.

2 Link to website: https:/kununu.de
3 Link to website: https://linkedin.com

3 Dataset and methods
3.1 Dataset

Kununu® is a platform allowing employees to anonymously
review their employers and operates in Austria, Germany
and Switzerland since 2007 and also in the USA since
2013. Hence, kununu is bilingual (German and English),
but reviews can be composed in any language.” Each review
on kununu consists of an overall rating ranging between 1
and 5, where 1 represents “very bad” and 5 represents “very
good” experiences (as described by kununu). The overall
score aggregates a variety of individual review aspects,
each also ranging from 1 to 5 and grouped into four sec-
tions: (i) company culture, (ii) diversity, (iii) work environ-
ment, and (iv) career. We list the 13 individual aspects and
their descriptions provided by kununu and stating what an
aspect is about in Table 3. Note that there are five additional
review aspects only available for the USA version of kununu
(comprising Inclusive / Diverse, Handicapped Accessibil-
ity, Workplace Safety, Job Security, Challenging Work). For
better comparability among countries, we exclude these five
aspects from our analysis.

In addition to ratings, reviewers must specify a headline
(maximum of 120 characters), whether they are a former
or a current employee of the reviewed company, as well
as whether or not they would recommend the employer to
friends (answer not shown in reviews and only used inter-
nally by kununu). Reviewers can optionally state their posi-
tion (i.e., either “employee”, “management”, “temporary”,
“freelancer”, “co-op”, “apprentice” or “other”), as well as
include suggestions for improvements, what they like and
dislike about the company, and comments on any of the
aspect ratings (aspect reviews) in free-form text. Finally,
kununu provides employer profile pages stating the country
and industry they operate in.

Data acquisition & preprocessing. For our analysis, we
automatically extracted (see Appendix A.l for a detailed
description of this process) all reviews present on kununu
(comprising Austrian, German, Swiss and USA versions)
up to the end of September 2019. Extracted reviews include
the name and industry of the reviewed employer, overall
and aspect ratings, all free-form texts, the review date and
the employment state (either current or former employee) of
the reviewer. As kununu is bilingual, we link and normalize
German names of review aspects (e.g., Kollegenzusammen-
halt = Teamwork) and industries (e.g., Dienstleistung = Ser-
vice and Support) to English ones, allowing us to compare

* Link to website: https:/kununu.com

3 Note that due to the primary focus on German and English, the
number of reviews written in other languages is negligible.
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Fig.2 Characteristics of our dataset. The figure depicts selected
key characteristics of our dataset, including the number of reviews
over time as well as kernel density estimations of overall ratings and
review length, respectively for each of the four countries contained
in our dataset. In Fig. 2a, we present the number of reviews over
time, depicting a steady increase throughout the years, especially
after 2014, for the German and the USA based version of kununu.
The two smaller countries, Austria and Switzerland, show similar
behavior, but exhibit much smaller numbers in reviews. In Fig. 2b, we
illustrate the kernel density estimation (KDE) for the overall rating.

Table 2 Dataset statistics

# Industries 43

# Employers 385,736

# Reviews 2,240,276
... # thereof for Austria (since 2007) 139, 760
...# thereof for Germany (since 2007) 1,255, 641
... # thereof for Switzerland (since 2007) 114,514
...# thereof for the USA (since 2013) 730, 361
...# thereof including free-form text 1, 662, 250

The table lists descriptive statistics of our crawled dataset comprising
employer reviews written on kununu up to the end of September 2019

German and English reviews. In Table 2, we list descriptive
statistics of our preprocessed dataset, comprising 2, 240, 276
reviews of 385, 736 employers written over a time span of
twelve years.

Preliminary descriptive analysis. In Fig. 2, we depict
selected characteristics of our dataset. In 2007, kununu
had a comparatively small number of reviews where each
of the three German-speaking countries had no more than
550 reviews. However, kununu grew rapidly over the years
and aggregated more than 445, 000 reviews in 2019 alone
(up to the end of September; see Fig. 2a). We report a slight
increase in the mean and variance of overall ratings over
time for each of the four countries contained in our dataset,
indicating that reviews became more positive and reviewers
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We observe higher probabilities for positive ratings as compared to
negative ones for all four countries. Reviewers on the USA based ver-
sion of kununu seem to be slightly more controversial as indicated by
the higher probability for one-star reviews in comparison to German
speaking countries. Regarding length of reviews (in words) consist-
ing of optional free-from text, we observe long-tailed distributions for
all four countries, suggesting our dataset includes many reviews with
no or only short review texts, while only a limited number of reviews
have longer review texts (see Fig. 2c; distribution truncated at 300
words, which lies still above the 95" percentile)

more divided with time. We observe slightly different behav-
ior for the reviews in the USA version of kununu, for which
the mean overall rating decreases continuously in the first
four years only to catch up with German versions in 2017,
after which the variance of overall ratings starts to decrease.
We interpret this as a first indicator for cultural differences
reflected in our dataset.

Regarding ratings, we observe a large number of reviews
with positive overall ratings and a lower number of reviews
with negative overall ratings in all four countries (see
Fig. 2b). Reviews in the USA are slightly different from
those of remaining countries with overall ratings being
more controversial which, again, depicts cultural differences
among reviewers.

For the text length (measured in number of words) of
reviews with optional review texts,® we observe long-tailed
distributions for each country (see Fig. 2c), indicating that
the majority of reviews contains only a few words, whereas
only a small number of reviews contain substantially longer
free-form texts (the 95 percentile is 278 words). After
manually inspecting reviews, we report that the majority of
reviewers specifically address a selection of aspects, sug-
gesting that they devote attention only to those aspects that
are relevant to them.

% For this analysis, we combined texts of individual aspects and other
review sections, respectively for each review.
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Table 3 Overview of individual review aspects on kununu

Section Kununu Review Aspect Kununu Description Herzberg Factor
Company Culture ~ Company culture How is the overall company culture? Hygiene
Internal Communication How is internal communication? To what extent are you informed  Hygiene
about company results, successes, and challenges through regular
communication?
Teamwork How are co-workers at working together and interacting in an hon- Hygiene
est, direct manner?
Work-Life Balance How does the company value work-life balance? Are families Hygiene

considered? Is there pressure to work long hours?

Support from Management

Does leadership set realistic expectations, communicate clear goals, Both

and involve employees in the decision making process?

Freedom to work independently
Diversity Gender Equality
Attitude towards older colleagues

Work Environment Office / Work Environment

Environmental Friendliness

Career
Company Image

To what extent are you trusted to work independently? Motivation

Are women treated equally and given the same career opportuni- Both
ties?

Does the company hire older workers? Are senior colleagues Both
appreciated, supported, and given equal opportunities?

Is the work environment comfortable and suited to do the work Hygiene
you are doing? Is there proper ventilation, lightning, temperature
control and technology available?

To what extent does the company demonstrate concern or aware- Hygiene
ness for environment?

Overall compensation for your work Overall, do you feel that you are fairly compensated for your work? Hygiene
Are you proud to work for your company? Hygiene
How are your career prospects for growth and professional devel- ~ Motivation

Career Development
opment?

The table lists the 13 aspects of the four sections (Company Culture, Diversity, Work Environment and Career), which employees can review,
along with their description taken from kununu (as of September 2019) as well as the factors independent experts assigned with them according

to Herzberg’s Two-Factor Theory (see Section 3.2.1)

3.2 Methodology

We investigate online employer reviews through the lens of
Herzberg’s Two-Factor Theory. For that, we first explain
how review aspects relate to Herzberg’s hygiene and moti-
vation factors as well as how we leverage review ratings
to measure employee satisfaction. We then interpret online
employer reviews in the context of the Two-Factor Theory
by defining a set of 13 hypotheses derived from it. Finally,
we illustrate how to use our findings to accurately predict
employee satisfaction on a company level.

3.2.1 Assigning review aspects with the Two-Factor Theory

Following the definition of Herzberg’s Two-Factor Theory
and providing the description of aspects as stated by kununu
(see Table 3), we let three independent annotators assign the
13 review aspects to either hygiene or motivation factors.
Note that we provide a detailed description of the annota-
tion process in the Appendix section. We assess the inter-
rater agreement between annotators by computing Fleiss’
kappa (Fleiss 1971) resulting in a value of 0.597, suggest-
ing a moderate to substantial agreement among the three
annotators. Annotators determined that company culture,

internal communication, teamwork, work-life balance, office
and work environment, as well as environmental friendliness
relate to hygiene factors as they all address the surroundings
of work done. On the other hand, all annotators consider
freedom to work independently and career development as
clear motivation factors as they are related to the content of
the work done. Remaining factors comprising support from
management, gender equality and attitude towards older col-
leagues are, according to our annotators, not clearly assign-
able to either motivation or hygiene factors. Note that our
annotators are not the first to encounter such issues as the
exact distinction between hygiene and motivation factors
has been criticised in existing research (Parsons and Broad-
bridge 2006; Li 2018). After further discussing the respec-
tive assignments, the annotators agreed that the three aspects
relate to both hygiene and motivation factors based on the
following explanations: Regarding support from manage-
ment, our annotators find that its description (see Table 3)
includes the style of leadership, which can be interpreted as
hygiene factor, but also addresses involvement in decision
making, which can be interpreted as a motivation factor.
Similarly, in case of gender equality and attitude towards
older colleagues the description addresses equal treatment
among colleagues (hygiene factor), as well as equal career
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opportunities (motivation factor). Hence, annotators linked
these three factors to both hygiene and motivation factors.
We list the resulting assignments, respectively for each of
the 13 aspects, in Table 3.

3.2.2 Definition of employee satisfaction
and dissatisfaction

We define reviewers’ satisfaction or dissatisfaction based
on the overall rating of their reviews. In particular, we
consider reviews with an overall rating less than or equal
to the first quartile (overall rating = 2.42) to be created
by dissatisfied employees and refer to them as negative
reviews. Further, we consider reviews with an overall
rating equal to or greater than the third quartile (over-
all rating = 4.54) to be created by satisfied employees
and refer to them as positive reviews. This leaves us with
561, 515 negative reviews and 594, 409 positive reviews.
The remaining 1, 084, 352 reviews are considered as
reviews with neutral employee satisfaction and are there-
fore neglected for the remainder of the study. Note that
slight changes to these thresholds do not qualitatively
impact our results.

3.2.3 Hypotheses

We advance 13 different hypotheses (see Table 1 for an over-
view of all hypotheses), each focusing on distinct charac-
teristics of employer reviews and derived from Herzberg’s
Two-Factor Theory.

H1 (Attention). As motivation factors positively influ-
ence employee satisfaction, we expect satisfied employ-
ees to write more in reviews of aspects assigned with
motivation factors as compared to hygiene factors which,
when fulfilled, are taken for granted and do not draw
much attention (Herzberg et al. 1959; Alshmemri et al.
2017; Gawel 1996). On the contrary, if hygiene fac-
tors are not fulfilled, dissatisfaction among employees
increases and, thus, we expect that dissatisfied employ-
ees devote more attention towards hygiene factors and
complain about their absence (Herzberg et al. 1959;
Alshmemri et al. 2017; Gawel 1996). Specifically, we
operationalize attention in two different ways and define
the following four hypotheses:

H1.1: Satisfied employees write more reviews on motiva-
tion factors.

H1.2: Dissatisfied employees write more reviews on
hygiene factors.
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Here, we compute and report ratios of the number of aspect
reviews that contain optional review text in either positive
and negative reviews, respectively for each country.

H1.3: Satisfied employees write longer reviews for motiva-
tion factors.

H1.4: Dissatisfied employees write longer reviews for
hygiene factors.

For these two hypotheses, we define attention as aspect
review lengths (i.e., how much attention was devoted to indi-
vidual aspects by reviewers) and compare differences in medi-
ans between distributions of positive and negative reviews.
H2 (Sentiment). As previous studies suggest that unfavora-
ble experiences result in negative emotions (Bougie et al.
2003; Mattsson et al. 2004; Westbrook 1987), we expect
that reviews from dissatisfied employees about hygiene fac-
tors (as their absence should lead to dissatisfaction) convey
a negative sentiment. In contrast, we expect that reviews
from satisfied employees about motivation factors (as their
fulfillment should lead to satisfaction) convey a positive sen-
timent. Specifically, we investigate:

H2.1: Satisfied employees write more positively about
motivation factors.

H2.2: Dissatisfied employees write more negatively about
hygiene factors.

To test for these hypotheses, we investigate the senti-
ment conveyed in reviews and fall back on existing trans-
lated German and English sentiment dictionaries (Chen
and Skiena 2014) which are comparable to each other
since they originate from the same dictionary. Specifi-
cally, we compute the sentiment s of an aspect review by
s = (Wp — W,,)/(Wp + W,), where w, is the number of pos-
itive words and W, is the number of negative words in a
review. Thus, s ranges from —1 to +1, where positive (and
respectively negative) values represent a positive (resp.
negative) sentiment and values close to zero indicate a neu-
tral sentiment. We investigate the sentiment for positive and
negative reviews and again compare differences in medians
between the two distributions. Note that for this analysis
we only consider German and English reviews (identified
through automatic language detection) with at least one hun-
dred words comprising at least one word of our sentiment
dictionaries. We decided for this word minimum as shorter
texts contain fewer sentiment signals and dictionary based
approaches may have limited capabilities to accurately infer
sentiment scores otherwise (e.g., see Heitmann et al. 2020).

H3 (Readability). Existing research suggests that complain-
ing is a behavioral response to dissatisfaction (Maute and
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Forrester 1993; Singh 1988; Zeelenberg and Pieters 2004),
providing a way to cope with emotions by venting one’s
dissatisfaction (Anderson 1998). Further, previous findings
suggest that negative reviews are harder to read as review-
ers address a wider range of issues when describing their
bad experiences (Zhao et al. 2019). Similar findings report,
for example, a positive correlation between satisfaction and
better readability (i.e., negative reviews are harder to read)
of reviews when assessing the helpfulness of online reviews
(Korfiatis et al. 2008, 2012).

Following these previous observations, we expect similar
behavior for online employer reviews and investigate the
readability of positive and negative reviews in terms of the
Two-Factor Theory. In particular, we expect:

H3.1: Satisfied employees write more readable reviews
about motivation factors.
H3.2: Dissatisfied employees write less readable reviews

about hygiene factors.

We test for these hypotheses by computing the Flesch
reading ease (Flesch 1948), providing us with a score rang-
ing between 0 and 100, where texts with values closer to
0 are considered to be harder to read and text with values
closer to 100 are considered to be easier to read. Note that
we try other readability formulas’ as well, but results are
very similar as these formulas are known to have high inter-
correlation (DuBay 2004). Similar to our analysis on sen-
timent, we compute readability for positive and negative
reviews, compare differences in medians and only consider
German and English reviews with at least 100 words as
scores might result in non-interpretable values otherwise.

H4 (Content). Following the Two-Factor Theory (Herzberg
et al. 1959; Alshmemri et al. 2017; Gawel 1996), we expect,
independent from the reviewed aspect, satisfied employees
to focus on content related to motivation factors and dissatis-
fied employees to focus on content related to hygiene factors.
In particular, we expect that satisfied employees are the only
ones able to experience and write about motivation factors
while they take hygiene factors for granted and neglect them.
Dissatisfied employees, on the other hand, should have no
experience with motivation factors to write about and only
focus on not fulfilled hygiene factors. Thus, we investigate
the following two hypotheses:

7 Including the Flesch Kincaid grade level, the Coleman Liau index,
the automated readability index and the Dale-Chall readability for-
mula with an absolute (due to inverse scales for some formulas) mean
Spearman rank-order correlation coefficient of 0.86 with the Flesch
reading ease.

H4.1: Satisfied employees use more words related to moti-
vation factors.

H4.2: Dissatisfied employees use more words related to
hygiene factors.

To test for these, we adopt the method from Hofland and
Johansson (1982), which is based on contingency tables and
chi-squared ( y?) tests to assess which words are characteris-
tic for either of two corpora. More precisely, for each aspect
we look at the sets of the top 100 nouns (after removing stop
words and lemmatization) included in positive and nega-
tive reviews and build the union of those two sets. Next, for
each aspect and each word from the union we build a 2 x 2
contingency table, which keeps the count of a given word, as
well as the total count of all other words in both positive and
negative reviews. The null hypothesis of the y? test (which
we perform with Yates Correction (Yates 1934) to counter-
act the fact that 2 X 2 contingency tables are not continuous)
states that the occurrence of a given word is independent of
the controversy of the comment. Hence, words for which we
can reject this null hypothesis are used distinctively in either
positive or negative reviews. For this analysis, we consider
the top twenty® significant words in positive and negative
reviews with regard to their y? values and to their relative
frequencies in reviews in order to decide where is their usage
significantly higher, respectively for German and English
reviews. To evaluate if top words reflect hygiene and motiva-
tion factors, we compute overlaps with words that, according
to the literature and the theory, are mentioned frequently
and of high relevance in connection with both sets of fac-
tors. More precisely, we let three independent annotators
read a selection of existing English studies investigating the
Two-Factor Theory (Oladotun and Oztiiren 2013; Malik and
Naeem 2013; Smerek and Peterson 2007; ul Islam and Ali
2013; Alshmemri et al. 2017; Gawel 1996; Bassett-Jones and
Lloyd 2005) with the aim to select important words related
to both hygiene and motivation factors, leaving us with two
sets of words. Annotators independently found 50 distinct
words for hygiene factors of which we keep 22 words that
were found by at least two of them. For motivation factors,
annotators identified 35 distinct words of which we consider
11 words found by at least two of them. We then translate
words to German and extend the sets of either language by
adding synonyms manually selected by using Wiktionary.
org and Thesaurus.com. We refer to Table 5 in the Appendix
section for a complete list of extracted German and English
words related to hygiene and motivation factors. To evaluate
the overlap of words from our automatic subgroup discovery
with words extracted by annotators, we compute the Jaccard

8 Note that we decided for the top twenty words so the results can be
easily interpreted by humans.
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Index’ respectively for positive and negative words, each
aspect and language.

To check our results for robustness, we repeat this experi-
ment and compare manually extracted words with the top
words form the subgroup discovery by considering their
word embeddings, allowing us to incorporate semantics
in this analysis. Specifically, we use pre-trained German
and English vectors (Grave et al. 2018) from the fastText
library'®. We average vectors over words contained in a
respective group (i.e., manually extracted German words,
manually extracted English words, top positive German
words, top negative German words, top positive English
words and top negative English words) and compute cosine
similarities between mean vectors from top words and manu-
ally extracted words.

H5 (Generalization). There is previous work providing evi-
dence both for (Lodahl 1964; Cummings 1975) as well as
against (Behling et al. 1968; Furnham et al. 1999) the gen-
eralization of the Two-Factor Theory. To shed light on how
our previous findings generalize, we study the following
three hypotheses:

HS5.1:  Results are independent of cultural context.
HS5.2:  Results are independent of industry.
H5.3:  Results are independent of employment status (i.e.,

current or former).

To test for these hypotheses, we conduct the same analy-
ses as for previous hypotheses respectively for each country
and industry contained in our dataset as well as well for
reviews from current and former employees. We quantify
results by counting the number of times the two motivation
factors are among the top (H1 and H2) five aspects and the
bottom (H3) five aspects according to differences in median
between positive and negative reviews respectively. This
leaves us with 8 cases for cultural differences (2 motivation
aspects times four countries), 86 cases for industrial differ-
ences (2 motivation aspects times 43 industries) and 4 cases
for employment status differences (2 motivation aspects
times two statuses).

3.2.4 Prediction

We now investigate the applicability of our findings from
the hypothesis tests by conducting a prediction experiment.

° The Jaccard Index is defined as the size of the intersection rela-
tive to the size of the union of two sets resulting in a value ranging
between 0 (no overlap) and 1 (complete overlap).

10 Link to website: https://fasttext.cc
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For that, we leverage the features computed for our previ-
ous analyses, allowing us to investigate the predictiveness
of review aspects for employee satisfaction on a company
level. More precisely, we want to predict whether or not a
company has high or low employee satisfaction by exploiting
the content as well as stylistic characteristics of reviews. Our
results uncover that both content and style of aspect reviews
are predictive of employee satisfaction.

Experimental setup. We first split our dataset according
to the language of reviews, leaving us with a German and
English subset of reviews. Next, we aggregate review texts
over individual companies and remove all companies with
an aggregated review length of less than 10, 000 characters
(to assure meaningful values for textual features), respec-
tively for the German and English subset. This leaves us with
7, 148 companies located in Austria, Germany and Swit-
zerland as well as 904 companies located in the USA. We
frame our prediction task as a binary classification problem,
predicting either a high or low employee satisfaction for a
company. We define this low and high employee satisfaction
through the reviews individuals companies had received. In
particular, we consider the number of positive and nega-
tive reviews (according to Section 3.2.2) per company and
employ a majority vote to decide whether a company has a
high or low employee satisfaction level. As such, compa-
nies with a higher ratio of positive reviews are considered to
have a high employee satisfaction, whereas companies with
a higher ratio of negative reviews are considered to have low
employee satisfaction. In cases of equal numbers of posi-
tive and negative reviews, we exclude companies from our
prediction task, arguing that these companies have neutral
employee satisfaction. After removing undecided cases and
labelling companies, we remain with 2, 955 companies hav-
ing a high and 4, 067 companies having a low employee sat-
isfaction based on German reviews (minimum # of reviews:
1, maximum # of reviews: 7, 090, mean # of reviews: 50.84
over Austrian, German and Swiss companies), as well as
450 and 430 companies, respectively for English reviews
(minimum # of reviews: 1, maximum # of reviews: 1, 148,
mean # of reviews: 100.46 over companies located in the
USA). To assess the predictive power of factors, we utilize
the top positive and negative words extracted for individual
aspects during the testing of H4 (Content) and count their
occurrences in aggregated review texts to create numeric
features for each company.

Feature spaces. Since we are interested in the differences of
significance between aspects assigned to hygiene, motivation
and both factors, we accordingly separate factors into three
different features spaces. In particular, we consider the total
count of the top twenty positive and the top twenty negative
words for each aspect and group these counts according to
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Table 4 Ratios of reviews with optional review text

Positive Reviews

Negative Reviews

Aspect Assigned Factor Ratio Aspect Assigned Factor Ratio
Company Culture Hygiene 18.18 Support from Management Both 33.63
Support from Management Both 16.64 Company Culture Hygiene 28.52
Teamwork Hygiene 16.17 Teamwork Hygiene 26.52
Internal Communication Hygiene 15.19 Internal Communication Hygiene 26.23
Freedom to work independently Motivation 14.93 Overall compensation for your work Hygiene 24.08
Work-Life Balance Hygiene 14.82 Work-Life Balance Hygiene 23.16
Office / Work Environment Hygiene 12.87 Office / Work Environment Hygiene 22.43
Career Development Motivation 12.80 Freedom to work independently Motivation 21.53
Overall compensation for your work Hygiene 11.62 Career Development Motivation 21.31
Company Image Hygiene 10.34 Company Image Hygiene 20.51
Attitude towards older colleagues Both 9.47 Gender Equality Both 16.39
Gender Equality Both 9.12 Attitude towards older colleagues Both 15.91
Environmental Friendliness Hygiene 7.89 Environmental Friendliness Hygiene 14.08

The table lists the ratios of reviews with optional review text, respectively for positive and negative reviews as well as each review aspect

aspects and their assigned factor. This leaves us with three
features spaces comprising counts of top words respectively
for aspects assigned to hygiene, motivation and both factors.
We complement these three features spaces by including:
textual features comprising the mean sentiment, the mean
Flesch reading ease and the mean number of words over
positive and negative reviews of a respective company, and
the combination of all of the above feature spaces. Finally,
we consider TF-IDF (minimum document frequency: 10%;
maximum document frequency: 80%; maximum number
of words: 5, 000; stop words removed) vectors of reviews
combined with textual features, representing the upper limit
and an approach dissociated from the Two-Factor Theory.
This allows us to compare the predictive power of words
related to hygiene and motivation factors with general
bags-of-words.

Addressing imbalanced factor assignment. To compensate
for the imbalanced factor assignment (8 aspects assigned to
hygiene factors, 2 aspects assigned to motivation factors and
3 aspects assigned to both factors), we further introduce a
feature space with subsampled hygiene factors. More pre-
cisely, we randomly select two aspects assigned to hygiene
factors for 1, 000 times, allowing us to do a fair comparison
of hygiene and motivation factors.

Evaluation. We conduct our prediction task using logistic
regression with £, regularization (to prevent overfitting the
training data) as implemented in scikit-learn'!. To evaluate
our models, we split data into train and held out test sets (80
to 20 percent ratio) multiple times by performing stratified

' Link to website: https://scikit-learn.org; Version used: 0.21.3

random sampling over 20 random runs, respectively for each
feature space. We report mean balanced accuracy (defined as
the average of recall obtained for both classes and suitable
for imbalanced datasets) over random runs for each feature
space. In case of our subsampled hygiene factors, we report
mean values over the 1, 000 random runs.

We compare results with an improved baseline determin-
ing the employee satisfaction of a company based on that of
other companies operating in the same country and industry.
For example, the employee satisfaction of a marketing com-
pany operating in Austria would be positive if the majority
of all other companies operating in marketing and Austria
would be positive, or negative otherwise. For that, we again
conduct the 20 random train and test set splits and report the
mean balanced accuracy over these random runs.

4 Empirical Results
4.1 Hypotheses

We now describe the results for individual hypotheses and
provide an overview of whether or not we find support for
them in Table 1.

H1 (Attention). We list the ratios of aspect reviews having
optional review text in Table 4 and report that ratios are
higher for negative reviews as well as all aspects. This indi-
cates that employees with negative experiences rather tend
to write reviews than satisfied employees independent from
aspects and their assignments to hygiene and motivation
factors. We argue that this observation could be due to the

@ Springer
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Fig.3 Results for H1 (Attention). The figure depicts the results
for our two hypotheses (H1.3 and H1.4) focusing on the atten-
tion devoted by satisfied and dissatisfied employees towards review
aspects. We expect that motivation factors receive more attention
from satisfied employees and hygiene factors more from dissatis-
fied employees. With the box plot we illustrate the distributions of
the number of characters in reviews and list aspects in descending
order (top to bottom) by the difference in medians between positive
(green color) and negative (red color) reviews. Vertical black lines

well-known negativity bias (Baumeister et al. 2001; Hilbig
2009; Rozin and Royzman 2001) which suggest a general
tendency of people to focus on negative experiences.

Regarding H1.1, we observe that satisfied employees do
not write more reviews for aspects related to motivation fac-
tors as compared to other aspects, suggesting a rejection of
our hypothesis. However, in case of H1.2, we see that dis-
satisfied employees tend to write more reviews for aspects
related to hygiene factors, thus, indicating support for this
hypothesis.

In Fig. 3, we illustrate the review length (in characters)
distributions for positive and negative employer reviews,
respectively for each of the 13 aspects. We verify the sig-
nificance of differences between positive and negative dis-
tributions for each aspect by computing two-sided'”> Mann-
Whitney-Wilcoxon tests at the Bonferroni corrected p-value
of @ = 0.004 (corresponding to 13 aspect comparisons at
a = 0.05). We report p-values smaller than our significance
level for 11 out of the 13 aspects, meaning that their differ-
ence in text length between positive and negative reviews is
significant. The two aspects with non-significant differences
are company image (p-value = 0.24) and attitude towards
older colleagues (p-value = 0.06).

12 Note that we use two-sided statistical tests for all hypotheses to
avoid placing assumptions on the direction of differences between
positive and negative reviews. In other words, we test for the exist-
ence of statistically significant distributional differences, rather than
the direction (and magnitude) of such differences.
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indicate the median and the first and third quartile. Whiskers indicate
minimum and maximum values still within 1.5 interquartile ranges.
Stars indicate the significance of differences between positive and
negative reviews based on two-sided Mann-Whitney-Wilcoxon tests
(*: p-value < 0.05, **: p-value < 0.01, ***: p-value < 0.001, ***%*;
p-value < 0.0001). We find motivation factors to be more relevant in
positive reviews. On the contrary, for negative reviews, we observe
that hygiene factors are more relevant than motivation factors, sup-
porting both H1.3 and H1.4

Specifically, we observe the largest positive differences in
medians for the motivation factors career development and
freedom to work independently as well as the hygiene fac-
tor environmental friendliness. This suggests that satisfied
employees devote significantly more attention towards motiva-
tion factors as compared to dissatisfied employees and supports
H1.3. We discuss the case of environmental friendliness in
detail in the Discussion section of the paper. For the major-
ity of hygiene factors, we report that they are more relevant
in negative reviews which supports H1.4. Notably, the aspect
support from management (assigned to both hygiene and moti-
vation factors) has the largest negative difference in medians,
suggesting that dissatisfied employees write more about issues
related to management than satisfied employees.

Overall, we confirm H1.2, H1.3 and H1.4, suggesting
that motivation factors may be more relevant to satisfied
employees while hygiene factors may be more relevant to
dissatisfied employees.

H2 (Sentiment). We depict sentiment distributions for
positive and negative reviews respectively for each aspect
in Fig. 4. To assess the significance of differences between
medians, we again compute two-sided Mann-Whitney-Wil-
coxon tests with our corrected significance level @ = 0.004.
We report significant differences for 12 out of 13 cases, with
differences for attitude towards older colleagues (median of
positive reviews: —0.09; median of negative reviews: —0.10)
being non-significant at a p-value of 0.36, suggesting that
ageism is generally perceived more negatively.
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Fig.4 Results for H2 (Sentiment). The figure illustrates the results
for our two hypotheses (H2.1 and H2.2) which focuses on the senti-
ment conveyed in aspect reviews written by satisfied and dissatisfied
employees. We expect that reviews from satisfied employees on moti-
vation factors are positive and reviews from dissatisfied employees on
hygiene factors are negative. With the box plot we illustrate the dis-
tributions of sentiment conveyed in reviews. In general, we find that,
as expected, satisfied employees express a more positive sentiment

Overall, we find that, as expected, the sentiment con-
veyed by reviews from satisfied employees is more posi-
tive as compared to the sentiment of reviews from dissatis-
fied employees (all differences in medians are positive).
Further, we report that, in accordance with our hypothesis
H2.2, aspects assigned to hygiene factors are more nega-
tively perceived in reviews from dissatisfied employees
(medians for aspects assigned to hygiene factors ranging
from —0.26 to —0.14.) as compared to those from satis-
fied employees (medians for aspects assigned to hygiene
factors ranging from O to 0.13.), which are rather neu-
tral. However, we observe that our results regarding H2.1
are inconclusive. For freedom to work independently and
career development we report a neutral sentiment in posi-
tive reviews with medians of 0.08 and 0, respectively.
This indicates that satisfied employees, in contrast to our
expectations, do not write more positively about aspects
assigned to motivation factors. In fact, we observe that
hygiene factors are perceived more positively as compared
to motivation factors in reviews from satisfied employ-
ees, suggesting that the former may not only prevent the
occurrence of dissatisfaction but also foster satisfaction.
As such, hygiene factors may be even more important
than originally envisioned by Herzberg. When consider-
ing sentiment of both positive and negative aspect reviews
combined, we report that reviews on aspects assigned to
motivation factors are overall perceived more positively as
compared to the majority of aspects assigned to hygiene
factors, as dissatisfied employers are more neutral towards
motivation factors.

as compared to dissatisfied employees. While we find a more nega-
tive sentiment form dissatisfied employees towards hygiene factors as
expected, we also find more positive sentiment from satisfied employ-
ees for hygiene factors instead of motivation factors. Thus, these
findings provide support against H2.1 and for H2.2 and even suggest
higher relevance of hygiene factors for satisfied employees than what
we expected based on the Two-Factor Theory

Overall, we reject H2.1 and find strong support for H2.2
as well as a higher relevance of hygiene factors as initially
expected based on the Two-Factor Theory.

H3 (Readability). In Fig. 5, we illustrate the Flesch reading
ease distributions for positive and negative reviews, respec-
tively for each aspect. We again check for the significance of
differences in a similar fashion to the analysis of H1 (Atten-
tion) and H2 (Sentiment). Here, we find 7 out 13 cases to be
non-significant (support from management, gender equality,
attitude towards older colleagues, environmental friendli-
ness, teamwork, company image and overall compensation
for your work).

Contrary to our expectations, reviews from dissatisfied
employees are in general easier to read than reviews from
satisfied employees (with the exception of support from
management), providing different results compared to previ-
ous studies (Zhao et al. 2019; Korfiatis et al. 2008, 2012).
Most notably, reviews from satisfied employees on aspects
assigned to motivation factors are among the top three of hard
to read aspect reviews with medians ranging between 43.68
and 43.85. This suggests a rejection of our hypotheses H3.1
as well as H3.2 and indicates substantial differences between
the behavior of reviewing products and reviewing employers.

Connecting these results with the ones from H2 (Senti-
ment), we again observe that hygiene factors may be more
important than initially thought as satisfied employees
write more complex reviews for both hygiene and motiva-
tion factors when compared to dissatisfied employees. Fol-
lowing the results from H1.1 and H1.2, which indicate that
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Fig.5 Results for H3 (Readability). The figure depicts the results
for the two hypotheses (H3.1 and H3.2) focusing on the readability
of reviews from satisfied and dissatisfied employees. We expect that
reviews from satisfied employees on motivation factors are easier to
read and reviews from dissatisfied employees on hygiene factors to be
harder to read. With the box plot, we illustrate the distributions of the

dissatisfied employees would rather write optional review
text, we observe that hygiene factors may be fundamentally
important for both preventing dissatisfaction and fostering
satisfaction and that motivation factors become only rel-
evant when employees have higher ambitions to develop
their careers. A potential explanation for the more complex
reviews on aspects assigned with motivation factors may be
that the subjects related to them are more complicated to
describe or that they are only relevant to formally educated

Flesch reading ease (higher values mean easier to read) of reviews.
We find that reviews on motivation factors are harder to read as com-
pared to hygiene factors. These results refute our two hypotheses
and are contrary to findings in previous research which showed that
reviews form dissatisfied people are harder to read

employees who may engage in a more critical thinking. Fur-
ther corroborating this idea, we observe the largest negative
median differences for aspects assigned to motivation fac-
tors, suggesting that satisfied employees write particularly
more complex about motivation factors.

H4 (Content). We depict the results for our fourth hypothesis
in Fig. 6. Overall, we observe, as expected, only minimal
overlaps with a mean Jaccard index of 0.02 for German top

Positive Top Words Negative Top Words
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Company Culture 5 ] Company Culture 5 q
Support from Management - Support from Management + 1
Teamwork- { Teamwork- 1
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(a) German

Fig.6 Results for H4 (Content). The figure depicts the results for
our two hypotheses (H4.1 and H4.2) focusing on the content of aspect
reviews. We expect that the content of negative reviews reflects
hygiene factors whereas the content of positive reviews reflects moti-
vation factors. To analyse this hypothesis, we extract top words that
are distinctively used in positive and negative reviews and compute
the Jaccard Index to infer their overlap with manually extracted
words (see Table 5 in Appendix A.3) related to hygiene and motiva-
tion factors, respectively for positive and negative reviews as well as
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each aspect. In Fig. 6, we illustrate results for German reviews and
find larger overlaps for words related to motivation factors with words
from positive reviews (strong support for H4.1). On the contrary, we
report larger overlaps for words related to hygiene factors and nega-
tive top words (strong support for H4.2). We find similar results for
English top words (see Fig. 6). Note that words related to motivation
factors were also used by satisfied employees for reviewing aspects
related to hygiene factors, indicating their high relevance in online
employer reviews
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words and a mean Jaccard index of 0.03 for English top
words. When considering the differences across hygiene
and motivation factors as well as positive and negative
top words, we find support for both H4.1 and H4.2. In
particular, we report a higher mean Jaccard index for
negative top words and words related to hygiene factors
in both German and English cases (German & positive:
0.01; German & negative: 0.04; English & positive: 0.02;
English & negative: 0.04). On the contrary, we observe
opposite behavior for words related to motivation factors,
for which positive top words have a higher mean Jaccard
index for both languages (German & positive: 0.02; Ger-
man & negative: 0.01; English & positive: 0.05; English
& negative: 0.00). Similar to the results of H2 (Sentiment)
and H3 (Readability), we observe that words related to
hygiene factors are also relevant in reviews from satisfied
employees, though less prominent as compared to reviews
from dissatisfied employees. Further strengthening these
findings, we report that words related to motivation factors
are also used in reviews for aspects assigned to hygiene
factors, indicating a high relevance of hygiene factors in
online employer reviews.

Regarding the results of word similarities based on word
embeddings, we find trends which are similar to our results
based on the Jaccard Index (see Fig. 9 in Appendix A.3).
For German, we report higher similarities between words
related to hygiene factors and negative top words for 9 of
13 aspects and higher similarities between words related
to motivation factors and positive top words for 7 aspects.
For English, we find words related to hygiene factors to be
more similar to negative top words for 8 aspects and words
related to motivation factors to be more similar to positive
top words for 10 aspects. This suggests that our results are
robust for semantics and further strengthens the support for
H4.1 and H4.2.

Freedom to Work Independently

H1 (Attention)
°

—@— Career Development

H1 (Attention)

H5 (Generalization). We depict results for our hypothesis on
the generalization of previous findings for H1 (Attention) in
Fig. 7. Starting with cultural differences (H5.1; see Fig. 7),
we report more attention devoted towards aspects assigned to
motivation factors in positive reviews for Germany and Swit-
zerland. In case of Austria, only career development receives
more attention in positive reviews, while employees in the
USA devote more attention towards all aspects in negative
reviews. However, for all eight cases the median differences
of aspects assigned to motivation factors is among the top
five, providing similar results as observed for H1 (Atten-
tion). Regarding H2 (Sentiment), we observe that positive
reviews convey a more positive sentiment for all aspects and
countries. Exceptions are Attitude towards older colleagues
for Austria (median difference = —0.52) and Internal Com-
munication for Switzerland (median difference = —0.03) as
these aspects received more attention in negative reviews.
However, quantifying our results for H2 (Sentiment) and H3
(Readability), we find inconclusive results (3 of 8 and 5 of 8
cases respectively), indicating differences across countries
when considering the sentiment conveyed by and the read-
ability of reviews.

In Fig. 7, we report results for H5.2 and selected industries
(based on largest positive and negative median differences for
both aspects assigned to motivation factors). We observe longer
positive reviews for both aspects assigned to motivation factors
for industries media, construction and legal services, while for
the public sector we observe longer negative reviews for these
two aspects. Results for H2 (Sentiment) and H3 (Readability)
are inconclusive again. Overall, we find support in 80 out of 86
cases for H1 (Attention), 41 out of 86 cases for H2 (Sentiment)
and 34 out of 86 cases for H3 (Readability).

Finally, for attention differences between current and
former employees (H5.3; see Fig. 7), we report more atten-
tion devoted towards aspects related to motivation factors in

—— Other Aspects

H1 (Attention)
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g - o 2 25 ® g ° °
5 e : 5 e : - A -
g 04°= = = aDE 0 . . : - g 0l

a = - = ° p - = ® a = =
g - - - o 8 254 = : c 10

5 -20 = = 8 - 5 V- .
2 - = T — T — o) - H
= - . . z Media Construction Legal Public = - ;

Austria  Germany Switzerland  USA Services  Sector Current Former
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(a) Cultural Differences

Fig.7 Results for H5 (Generalization). The figure depicts the
results for our hypotheses (H5.1, H5.2 and H5.3) focusing on the
generalization of our previous findings (H1 to H3). We expect that
the two aspects assigned to motivation factors freedom to work inde-
pendently (orange color and X marker) and career development (blue
color and * marker) receive more attention (H1) and a more positive

(b) Industrial Differences

(c) Employment Status Differences

sentiment (H2) while being harder to read (H3) in positive reviews as
compared to remaining aspects (gray color) and negative reviews. We
find support for H1 (Attention) across cultural (a), industrial (b) and
employment status (c) differences. Results for H2 (Emotions) and H3
(Readability) are inconclusive among the three comparisons

@ Springer



Journal of Data, Information and Management

positive reviews from current and former employees (H1; 4
out of 4 cases). For H2 (Sentiment), we observe (in general)
more negative reviews from former employees, suggesting
that they may air their frustrations after termination. Distin-
guishing between hygiene and motivation factors is, similar
to other comparisons, inconclusive (1 out of 4 cases). We
find positive reviews on aspects assigned to motivation fac-
tors harder to read for both current and former employees
(H3; 4 out of 4 cases), suggesting no difference between
them.

Summary of hypotheses findings. We find that satisfied
employees devote more attention to motivation factors
(strong support for H1.3), whereas dissatisfied employees
devote more attention to hygiene factors (strong support
for H1.4) which reflects the original definition of Herz-
berg’s Two-Factor Theory. Regarding sentiment conveyed
in reviews, we find that dissatisfied employees write more
negatively about hygiene factors (support for H2.2) and
satisfied employees, contrary to our expectations, write
more positively about hygiene factors instead of motiva-
tion factors (rejection of H2.1). Our results for readability
of reviews refute our initial expectations of harder to read
reviews from dissatisfied employees on hygiene factors
and reflect the exact opposite behavior with harder to read
reviews from satisfied employees on hygiene and motiva-
tion factors (rejection for H3.1 and H3.2). Further, we report
that satisfied reviewers tend to specifically mention words
related to motivation factors in reviews for aspects assigned
to both hygiene and motivation factors (support for H4.1),

Hygiene Factors r

Subsampled Hygiene Factors
Motivation Factors| o
Both Factors+ r

All Aspects A g

Textual Features o

All Combined { -

TF-IDF + Textual Featuresq

o wn o 0
NN ® ®
o o o o
Balanced Accuracy

0.60
0.65
0.90
0.95

(a) German Reviews

Fig.8 Prediction task results. The figure illustrates the results from
our prediction task aiming to predict employee satisfaction on a com-
pany level. Balanced accuracy is measured over twenty random train
and test splits, respectively for each feature space and German (left-
hand side) and English (right-hand side) reviews. The vertical dashed
black lines indicate results for our improved baseline and error bars
indicate bootstrapped 95% confidence intervals. Overall, prediction
performance is good with varieties across feature spaces for both lan-
guages. Regarding German reviews (a), we observe that features from
aspects assigned to hygiene factors achieve best performance which is
slightly outperformed by the combination of features from all aspects.
In case of English reviews (b), we report similar results, except that
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whereas dissatisfied reviewers mostly mention words related
to hygiene factors (support for H4.2). When investigating
the generalization of previous hypotheses, we observe that
some of our findings generalize across cultural, industrial
and employment status differences (weak support for H5.1,
H5.2 and H5.3). Overall, we find hygiene factors to be more
relevant and important than motivation factors in the context
of online employer reviews.

4.2 Prediction

We depict performance results for each feature space in
Fig. 8. In general, we report accurate prediction performance
with a mean balanced accuracy of at least 0.84 and 0.85 over
all models, respectively for German and English reviews.
As such, we outperform our improved baseline for German
(0.65) by at least 0.19 and for English (0.68) by at least 0.17.

Inspecting the predictive power of review aspects linked
to either hygiene, motivation or both factors, we report high-
est performances for our hygiene factors feature space with
a mean balanced accuracy of 0.86 for German and Eng-
lish reviews. We observe slightly worse performance for
models using features from aspects assigned to motivation
or both factors in case of both languages. However, this
seems to be an artifact from the limited number of aspects
assigned to these factors as our models using the subsam-
pled hygiene factors performed insignificantly better than
these two. When combining the different features from all
aspects (i.e., aspects assigned to hygiene and motivation fac-
tors), we do not see any further improvements compared to

Hygiene Factors _
Subsampled Hygiene Factors
Motivation Factors .

Both Factors —

All Aspects -
Textual Features -

All Combined =

TF-IDF + Textual Features: —
o o} o e} o o} o e}
©C © K N & & & 9
o o o o o o o o

Balanced Accuracy

(b) English Reviews

the combination of all aspect feature spaces does not yield better pre-
diction performance as compared to the model with aspects linked to
hygiene factors only. Even though textual features (i.e., text length,
readability and sentiment) perform worse compared to features from
aspects, the combination of all aspect and textual features achieves
the best performance, respectively for German and English reviews.
Note that for both languages performance of models with words
related to the Two-Factor Theory perform almost similar to general
bag-of-words models (TF-IDF + Textual Features) comprising a mul-
tiple of words and, hence, more information. This further highlights
the predictive strengths of theory related words
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the performance of hygiene factors, signaling yet again the
importance of hygiene factors in online employer reviews.

When we consider textual features for prediction mod-
els, we report lower performances with a mean balanced
accuracy of 0.82 for German and 0.80 for English. How-
ever, when combining all features from all aspects as well
as textual features, we could improve the mean balanced
accuracy to 0.88 for German and 0.86 for English. In par-
ticular, for German reviews, note that the performance of the
“All Combined” feature space is significantly better than the
“All Aspects” one (bootstrapped p < 0.001), suggesting that
capturing textual content and sentiment contained in reviews
results in the best performance when predicting employee
satisfaction for a company. Comparing the models based on
the Two-Factor Theory to our dissociated TF-IDF approach
including textual features, we observe only small deficits of
0.2 for German and 0.01 for English. This indicates that a
small number of words related to hygiene and motivation
factors can describe employee satisfaction in online reviews
almost as well as all words.

Overall, we note that review content of aspects related to
hygiene factors has high predictive power (equal to considering
content of all review aspects) for employee satisfaction, further
suggesting their high relevance in online employer reviews.

5 Discussion

We now discuss our findings and briefly address possible
ethical implications as well as limitations of our work.

Online employer reviews through the lens of Herzberg’s
Two-Factor Theory. Overall, considering the results for
HI to HS and keeping in mind the vast number of different
employers and industries contained in our dataset as well
as the limitation discussed in this section, we observe that
hygiene factors are more relevant to reviewers than motiva-
tion factors. Thus, when analyzing such reviews in future
works, we suggest to focus on hygiene factors as motivation
factors seem to be only of incidental relevance to review-
ers. In particular, our analysis revealed that, as according
to the original theory, hygiene factors attract more attention
of dissatisfied employees while motivation factors attract
more attention from satisfied employees (see Fig. 3). This
observation reflects the connection of the Two-Factor The-
ory to Maslow’s hierarchy of needs (Gawel 1996), suggest-
ing that fundamental needs have to be satisfied in order to
become motivated to strive for greater things. However, we
also found that hygiene factors have the potential to increase
satisfaction although, according to the original theory,
they should only prevent dissatisfaction. Most notably, we
depicted that hygiene factors are perceived more positively
by satisfied employees as compared to motivation factors

(see Fig. 4) and that they use terms related to motivation
factors in reviews of aspects assigned to hygiene factors (see
Fig. 6). To us, online employer reviews on kununu suggest
that employers can satisfy the majority of their employees
through fulfilling hygiene factors, whereas motivation fac-
tors may need to be fulfilled only for the minority of employ-
ees who want to climb the career ladder. Another possible
explanation could be that some hygiene factors became more
important over time and transitioned into motivation factors
as current circumstances are very different to what we had
in 1959. Howsoever, it is clear that hygiene factors are more
important and relevant to online reviewers of employers and
that motivation factors are considered incidental by them or
only relevant to a minority of reviewers. This may only be
a phenomenon in the context of online employer reviews or
it may unfold a new (modern) interpretation of the theory.
We suggest further (offline) studies to make more precise
assumptions about how to conclude our observations.

Regarding the three review aspects that our annotators
assigned to both hygiene and motivation factors, our results
suggest that they are more similar to aspects assigned to
hygiene factors than aspects assigned to motivation factors,
further supporting a higher relevance of hygiene factors. For
example, by manually inspecting selected aspect reviews of
support form management, we see that reviewers mostly use
this rating aspect to negatively comment on their supervisors
or bosses and that they do not specifically address the points
mentioned in the description provided by kununu. As such,
reviewers neglect the part of the involvement in decision
making processes, potentially explaining why this aspect is
not related to motivation factors.

We now briefly discuss the aspect Environmental Friend-
liness, which receives the second most attention in posi-
tive reviews (see Fig. 3). Here, we argue that this may be a
reflection of high environmental standards and awareness
in European countries. Since more than 67% of reviews in
our dataset originate from these countries, it explains the
general relevancy in positive reviews contained in our data-
set. Further, a recent increase in media coverage of climate
change may also add to that observation. To test for this
assumption, we investigate the ratio of reviews with optional
text for Environmental Friendliness over the years. We find
that, while in 2015 only 6% of reviews included dedicated
texts for this aspect, in 2019 it were already 17%, strengthen-
ing our explanation of increased environmental awareness
among reviewers and indicating the importance for employ-
ers to take action. Thus, this example highlights the presence
of longitudinal effects in shaping individual aspects related
to factors that influence employee satisfaction.

Finally, we discuss discrepancies regarding readabil-
ity between previous studies on product reviews (Zhao
et al. 2019; Korfiatis et al. 2008, 2012) (dissatisfied reviewer
write harder to read reviews) and our results (satisfied
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reviewers write easier to read). Here, we argue that the
harder to read positive reviews on aspects assigned to moti-
vation factors could be due to the fact that such factors are
more likely to be granted to higher employee positions or
only in specific industries which have to deal with more
complex matters. To test for this assumption, we assess the
mean Flesch reading ease of reviews for aspects related to
motivation factors, respectively for each employee posi-
tion as well as each industry. We find reviews from co-ops
(i.e., employees who simultaneously study and work part-
time) and managers to be hardest to read and reviews from
apprentices and temporaries to be easiest to read. In the
case of industries, we find harder to read reviews for sec-
tors that may require formal education, such as tax consult-
ing and auditing and software engineering. Further, we
observe easier to read reviews for health, wellness & fitness
or food production & farming, which may have less for-
mal requirements. These results indicate that harder to read
reviews from satisfied employees may indeed be due to a
more advanced critical thinking and language through for-
mal education. An in-depth study of this observation might
be a promising research avenue for future work.

Predictiveness of employee satisfaction. We demonstrated
the predictiveness of employee satisfaction based on a logistic
regression model achieving a maximum mean balanced accu-
racy score of 0.87. By creating different feature spaces, we
uncover that review content of aspects linked to either hygiene
and motivation factors are equally predictive for employee
satisfaction and that only half of the aspects already yield best
performance. Only when integrating textual features we could
further increase prediction performance, suggesting that not
only the content but also stylistic devices should be considered
in prediction models, further corroborating similar findings by
Siering et al. (2018). Since our proposed model solely relies
on textual characteristics and indicates that we can accurately
predict employee satisfaction based on them, we see real-
world use cases for both employers and platform providers.
The predictive model allows for assessing employee satis-
faction expressed in arbitrary texts, for example, stemming
from social media platforms, such as Facebook or Twitter.
If, for example, an employee is referencing an employer in
a Facebook post, said employer could potentially evaluate
satisfaction levels through our model. Further, the presented
model could help reviewing platforms to circumvent cold
start problems with optimally inferring overall employee
satisfaction of employers for which the amount of reviews
is insufficient. This could be the case for new employers or
employers with a smaller number of employees and, thus,
probabilities for reviews are minimal. Reviewing platforms
could then fall back on other texts found on the Web to take
countermeasures and provide more accurate overall ratings
for employers.
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Ethical implications. While our work solely intends to learn
about online employer reviews in order to benefit employees
as well as employers, performing such analyses may still put
both of them at risk. For example, employers may attempt to
identify reviewers (despite the fact that reviews on kununu are
anonymous), as demonstrated in existing works, such as those
of Almishari and Tsudik (2012) or Goga et al. (2013), who
correlated texts of users to those posted in a non-anonymous
context on other online social platforms. This has the potential
to negatively impact the careers of both current (e.g., discipli-
nary transfer through offended supervisor) and former (e.g.,
negative reference letters from former employer) employees.
Further, employers may misinterpret the general mood of
their employees by relying too strongly on their reviews (e.g.,
because not all employees are aware of such platforms) and, in
doing so, adjust their managerial decisions in a way that may
create dissatisfaction among their employees.

Analyses of employer reviews may be used for company
valuations, as recent research suggests that online employer
reviews may relate to stock returns (Green et al. 2019). Thus,
employees may negatively influence valuations by intention-
ally writing bad reviews (“review bombing” through trolls
or bots) or, conversely, employers may trick future investors
by whitewashing themselves through faked positive reviews.
The manipulation of online reviews to harm or embel-
lish reviewed entities is already a subject of research (Hu
et al. 2011; Mayzlin et al. 2014). Finally, existing research
highlights the importance of employer branding for job seek-
ers (Cable and Yu 2006; Melian-Gonzalez and Bulchand-
Gidumal 2016). When building recommender systems based
on analyses like ours, one must account for biased reviews
to prevent discrimination against employers, as such biases
may lead to reduced opportunities for employers to recruit
well-educated and talented employees.

Limitations. In our work, we explore reviews found on
kununu, one platform among a variety of others providing
the possibility to review employers on the Web. While we
strongly believe that the amount of data and its variety (i.e.,
different countries and languages, multiple industries and hun-
dreds of thousands companies) is appropriate for an analysis
like this, we still acknowledge a potential sample and selection
bias in the type of people that write reviews on kununu. This
bias includes different interpretations of review aspects, for
example, across countries. Grasping the full extent of cross-
cultural differences calls for further qualitative and quantita-
tive research. As such, the inclusion of other platforms, such
as glassdoor.com, may help to generalize our study.

Further, the definition of employee satisfaction (i.e., posi-
tive and negative reviews) is based on a threshold and, thus,
results may change according to it. However, slightly adjust-
ing this threshold or using an alternative definition based on
rating stars (i.e., reviews with less than or equal to two stars
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represent negative reviews and reviews with equal to or more
than four stars represent positive reviews) did not noticeably
alter our results. Similarly, the input from our annotators is
depending on their individual opinions and results may differ
if consulting other experts.

Finally, we test our hypotheses through a selection of
methods that quantify various textual characteristics (e.g.,
the dictionary based sentiment analysis or text readability
based on the Flesch reading ease). We acknowledge a cer-
tain limitation with the selection of methods used, as other
approaches may yield different results. Thus, trying other
text analysis methods may be worth exploring in future work.

6 Conclusion

Summary. In this work, we demonstrated how to apply the
Two-Factor Theory to online employer reviews and investi-
gated different characteristics of reviews from satisfied and
dissatisfied employees. Overall, we reported that hygiene
factors are more relevant to reviewers and that motiva-
tion factors are considered incidental or only relevant to
a minority of reviewers. While we expected and found
that dissatisfied employees devote more attention towards
hygiene factors and satisfied employees devote more atten-
tion towards motivation factors, other experiments sug-
gested a higher importance of hygiene factors contrary to
our expectations based on the theory. For example, satis-
fied employees write more positively about hygiene fac-
tors as compared to motivation factors which contradicts
with the definition of the theory. Finally, we inspected
the generalization of our findings across cultural, indus-
trial and employment status differences and demonstrated
their applicability for predicting employee satisfaction on
a company level.

Implications. Based on our work, scholars could conduct
similar analyses and extend the research of employee satisfac-
tion through the Two-Factor Theory to other online employer
reviewing platforms. This could contribute to our understand-
ing of the theory and potentially benefit management and
organizational sciences as a whole. The results of our work
highlight the importance of hygiene factors in online employer
reviews. These observations indicate potentially necessary
adjustments of the theory’s factor assignments due to tempo-
ral changes since the introduction of the theory. Further, our
analysis distilled deficiencies in some countries and indus-
tries with regards to employee satisfaction, highlighting an
opportunity to counteract appropriately based on our results
and, thus, create better working conditions for employees. Our
prediction experiment uncovers the predictive powers of tex-
tual review content for employee satisfaction, demonstrating

how employers could use such models to complement other
feedback channels from their employees.

Future work. A more detailed investigation of certain
aspects, including gender equality and handicapped acces-
sibility, might help to achieve more fair conditions at work.
Another promising idea is an in-depth analysis of the tempo-
ral component of reviews, including the potential to develop
tools that help in better understanding other longitudinal
trends in employer satisfaction and the Herzberg theory. For
example, one could precisely monitor how the importance
of review aspects developed throughout the time span
contained in the dataset (2007-2019) and, thus, we could
better understand how hygiene and motivation factors
change and shift over time. Further, our analysis provides
insights into the needs of individual employees as well as
what is offered by industries and companies, opening up
possibilities to support individuals’ career choices, simi-
larly to the work of Kern et al. (2019). To further increase
the benefits of such an analysis for individual employees,
one could consider additional information contained in
reviews, such as the employee position of reviewers. In
doing so, one could reveal the different needs, for example,
for managers or freelancers. Finally, a more precise focus
on differences across industries could further increase the
impact of our work.

Appendix A
A.1 Preprocessing

We used the sitemap of respective kununu versions
(Austria, Germany, Switzerland, USA) to automatically
(via Python’s Requests library) gather hyperlinks to all
employers found on the platform. Using multiprocess-
ing and multiple web proxies, we crawled and collected
all reviews of these employers in less than 48 hours.
As such, we could avoid any changes in the website
of kununu. We then parsed the aggregated HTML text
(via Python’s Beautiful Soup library) for each com-
pany and extracted individual reviews, always asserting
the integrity of data (we did not find any anomalies in
HTML texts). After extracting reviews, we checked for
missing or duplicate data and found no such instances.
Additionally, we manually verified the integrity of
selected reviews and found no indications of an incor-
rect extraction.

Please note that the terms of service provided by
kununu neither specifically allow nor prohibit the auto-
mated crawling of their data. Therefore, we refer to the
Directive (EU) 2019/790 of the European Parliament,
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Table 5 Extracted words related to hygiene and motivation factors

L F Extracted Words

German Hygiene

Supervision, Management, Geld, Bedingung, Beziehung, Administration, Firma, Richtlinie, Gehalt, zwischenmenschlich,

personlich, Leben, Kommunikation, Kollegen, Nebenleistungen, Supervisor, Fithrung, Organisation, Sicherheit, Auf-
sicht, Uberwachung, Vorstand, Geschiftsfithrung, Leitung, Geschéftsleitung, Zustand, Verhiltnis, Bindung, Relation,
Verwaltung, Leitung, Unternehmen, Regeln, Vorgehensweise, Bezahlung, Lohn, privat, Mitteilung, Nachricht, Kollegin-
nen, Mitarbeiter, Mitarbeiterinnen, Vorteile, Betreuer, Vorgesetzter, Leitung, Anfithrung, Einrichtung, Garantie, Schutz

Motivat.

Anerkennung, Erreichen, Fortschritt, Arbeit, Verantwortung, Wachstum, Moglichkeit, Inhalt, Mission, Karriere, Besté-

tigung, Anrechnung, Leistung, Ergebnis, Erfolg, Forderung, Weiterentwicklung, Aufstieg, Entwicklung, Anstellung,
Beschiftigung, Tatigkeit, Zustandigkeit, Kompetenz, Pflicht, Zuwachs, Steigerung, Ausbau, Zunahme, Gelegenheit,
Chance, Aufgabe, Auftrag, Einsatz, Berufung, Laufbahn, Beruf, Aufstieg

English  Hygiene

supervision, management, money, condition, relationship, administration, company, policy, salary, interpersonal, personal,

life, communication, peers, benefits, supervisors, leadership, organization, security, control, guidance, instruction,
oversight, authority, situation, status, relation, corporation, guideline, pay, wage, remuneration, social, conversation, co,
workers, bonus, assistance, aid, protection, safty, guarantee

Motiv.

recognition, achievement, advancement, work, responsibility, growth, opportunity, content, mission, career, Synonyms,

acceptance, , accomplishment, progression, improvement, progress, development, labour, occupation, effort, account-
ability, expansion, increase, chance, occasion, objective, assignment, task, goal

In this table we list the words related to hygiene and motivation factors (F) extracted from English research articles by three independent experts.
We translated words to German and extended respective lists by adding synonyms for both languages (L)

which allows us to mine text and data for non-commercial
research. According to our rights, we are not allowed to
redistribute this data which is the reason why we cannot
publish the presented dataset.

A.2 Annotation process

Before presenting the review aspects to the three annotators,
we first briefed them about the general principles of the Two-
Factor Theory as well as about the platform kununu. We then
instructed annotators to read works about the theory (Olad-
otun and Oztiiren 2013; Malik and Naeem 2013; Smerek
and Peterson 2007); ul Islam and Ali 2013; Alshmemri
et al. 2017; Gawel 1996; Bassett-Jones and Lloyd 2005),

Positive Top Words

Hygiene Motivation
Company Culture § 1
Support from Management -
Teamwork-
Freedom to work independently
Internal Communication 1
Gender Equality -
Attitude towards older colleagues
Career Development
Overall compensation for your work
Office / Work Environment-
Environmental Friendliness ¢
Work-Life Balance A
Company Image 1

0.5 0.75
Similarity

Aspect

1 05 075 1
Similarity

(a) German
Fig.9 Word embedding similarity. The figure depicts supple-
mentary results for our fourth hypothesis focusing on the content of

aspect reviews. Similarly to Fig. 6, we see higher similarities between
words related to hygiene factors and words extracted from negative
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for which they could take as much time as needed. To make
sure they understood the underlying principles of hygiene
and motivation factors, we separately let the three annotators
explain the two factors in their own words, with which we
did not find any ambiguity. We then presented the task to the
annotators, comprising a table with all 13 review aspects in
separate rows. For each aspect, we included the description
provided by kununu (see Table 3). We then asked annotators
to decide whether a review aspect can be assigned to hygiene
or motivation factors by considering what they have learned
about the theory as well as the description from kununu.
Note that we specifically instructed annotators to assign
either hygiene or motivation to aspects, even in cases where
it was not completely distinguishable for them. Further,

Negative Top Words

Hygiene Motivation
Company Culture 1
Support from Management ¢
Teamwork-
Freedom to work independently -
Internal Communication
Gender Equality 1
Attitude towards older colleagues -
Career Development -
Overall compensation for your work -
Office / Work Environment +
Environmental Friendliness
Work-Life Balance -
Company Image -

0.5 0.75
Similarity

(b) English

Aspect

1 05 075 1
Similarity

reviews as well as higher similarities between words related to moti-
vation factors and words extracted from positive reviews, respectively
for German and English reviews
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we did not limit the task by time and allowed annotators to
resort to provided research if they needed to.

A.3 Extracted words related to hygiene
and motivation factors

In Table 5, we list the words related to hygiene and motiva-
tion factors extracted from existing research by our three
independent annotators. In Fig. 9, we illustrate supplemen-
tary results for H4 (Content) based on word embeddings.
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