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Short Bio

• Studied physics, sociology and German at University of Jena

• Bachelor’s degree in 2016 
Automatische Analyse von Emotionen in Geschäfts- und Nachhaltigkeitsberichten

• Pursuing “Fast-Track” PhD in computational linguistics  
(Prof. Udo Hahn)
– Methodological foundations to measure emotion in language
– Applications to social science, economics, and humanities
– Expected graduation by end of 2020

• Research visit at University of Pennsylvania in summer 2018
(Prof. Lyle Ungar (School of Engineering / Wharton School))

• Research intern at Amazon in summer 2019
(Berlin office; working on Alexa)
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Structure of Talk

• Sentiment and emotion analysis
– Task description and linguistic levels
– Representing emotion
– Application domains

• Emotional profiling of organizations
– A corpus of annual and corporate social responsibility reports
– A simple unsupervised approach
– Results

• Recent methodologies in natural language processing
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Sentiment and Emotion Analysis
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Natural Language Understanding in the 90s

John Doe[PERSON], the founder of XY Inc.[ORGANIZATION],

was born in Washington, DC[LOCATION].
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Natural Language Understanding in the 90s

John Doe[PERSON], the founder of XY Inc.[ORGANIZATION],

was born in Washington, DC[LOCATION].
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Natural Language Understanding in the 90s

John Doe[PERSON], the founder of XY Inc.[ORGANIZATION],

was born in Washington, DC[LOCATION].

is_founder born_in
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Growing Interest in Subjective Language

semantic polarity of words
(Hatzivassiloglou & McKeown, 1997)

evaluative statements
(Pang et al., 2002)

subjectivity
(Wiebe et al., 2004)

good fantastic
great

poor
mediocre

boring

The pizza was great!

The service was aweful...

John Doe, the founder of XY Inc., was born in Washington, DC.

I hate John Doe, he has a terrible sense of humor. 
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Sentiment Analysis — Task Description(s)

sunshine

XY Inc.
Annual 
Report

+

–

Trends were bundled in the emerging area of sentiment analysis

I hate John Doe, he has a 
terrible sense of humor. 
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Sentiment Analysis — Task Description(s)

sunshine

XY Inc.
Annual 
Report

Need for a more fine-grained target representation

I hate John Doe, he has a 
terrible sense of humor. 

++

– –

+

0

–
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Emotion Analysis — Task Description(s)

sunshine

XY Inc.
Annual 
Report

Need for a more fine-grained target representation

I hate John Doe, he has a 
terrible sense of humor. 
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Emotion Analysis — Task Description(s)

sunshine

XY Inc.
Annual 
Report

Need for a more fine-grained target representation

I hate John Doe, he has a 
terrible sense of humor. 

???
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Representing Emotion — Ekman’s Basic Emotions

Source: http://ocw.mit.edu/courses/brain-and-cognitive-sciences/9-00sc-introduction-to-psychology-fall-2011/emotion-motivation/discussion-emotion/
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Representing Emotion — Plutchik’s Wheel of Emotion

Source: https://en.wikipedia.org/wiki/Contrasting_and_categorization_of_emotions#/media/File:Plutchik-wheel.svg
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Representing Emotion — Dimensional Models
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Application Domains

• Product reviews / analytics
– Restaurant (Yelp)
– Online retailers (Amazon)
– Movies (RottenTomatoes, IMDB)

• Social media (esp. Twitter)
– Political science
– Public relations
– Stock market prediction
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Subjective Language by Companies

• Sentiment and subjectivity  in annual reports for 
– Stock market prediction

(Hajék et al., 2014)

– Bankruptcy prediction
(Hajkék & Olej, 2015)

– Fraud detection
(Goel & Uzuner, 2016)

– Risk prediction
(Tsai & Wang, 2017)

à 2nd Workshop on Economics and Natural Language Processing 
(ECONLP @ EMNLP 2019 in Hong Kong)
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Emotional Profiling of Organizations
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Motivation

• Collaboration with management and organization researchers

• Interest in anthropomorphic communication behavior of 
organizations (esp. targets, virtues, cognitive processes)

• Is this framework also applicable to emotions?

• Do enterprises communicate with a distinctive and persistent 
emotional profile? 
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Publications

• Sebastian G.M. Händschke*, Sven Buechel*, Jan Goldenstein, Philipp 

Poschmann, Tinghui Duan, Peter Walgenbach and Udo Hahn. 2018. A 

corpus of business and corporate social responsibility reports: 280 million 

tokens of balanced organizational writing. In ECONLP @ ACL 2018.

• Sven Buechel and Udo Hahn. 2016. Emotion analysis as a regression 

problem — Dimensional models and their implications on emotion 

representation and metrical evaluation. In ECAI 2016.

• Sven Buechel, Udo Hahn, Jan Goldenstein, Sebastian G. M. Händschke, 

and Peter Walgenbach. 2016. Do enterprises have emotions? In WASSA @ 
NAACL 2016. 
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Related Work — 10-K Corpus (Kogan et al., 2010)

• Consists of Form 10-K reports

• 10K companies

• 54K reports

• Covers 1996 – 2006

Ø Much larger than our corpus yet 
• unbalanced
• no cross-country comparisons
• outdated
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Selection of Raw Data

• Three countries: US, UK, Germany

• Annual reports and corporate social responsibility (CSR) reports 

• Stepwise selection of companies:
1. 30 large companies DJIA, FTSE 100, and DAX
2. 30 middle-sized companies from S&P500, FTSE 250, and MDAX
3. 30 tech companies from NASDAQ, FTSE AIM 100 and TECDAX

• US and UK enterprises chosen to match the German ones

• Companies were selected as of 2015, all available reports 
were collected back to 2000
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Data Acquisition and Cleansing

• Reports were downloaded from company website
(email as fallback)

• PDF-to-text conversion

• Handwritten rules to 
– Filter conversion errors
– Remove remnants of print layout and structured information 

(page numbers, tables, ...)
– Making it as much of a plain text as possible
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Annual Reports

The updated Mercedes-Benz Sprinter appeals with a new design 

and a world first. The Sprinter is the first van series worldwide for which 

all models can be supplied with the ESP electronic stability program. 

The most important new model in 2002 was the 
Actros, which had its premiere at the International 
Auto Show (IAA) in Hanover and was well received by 
customers and automotive journalists. Its distinctive
characteristics are its more powerful engines, a new
axle and suspension concept, improved aerodynamics
and a redesigned driver’s cab. 

Mercedes-Benz Vans still leads the field
The Mercedes-Benz Vans business unit sold 236,600
vehicles worldwide in 2002, nearly matching the figure
for 2001. With a market share of 18% (2001: 19%) in the
segment of 2 to 6 metric tons, Mercedes-Benz Vans is
still the market leader in Western Europe. Whereas the
Sprinter was able to maintain its strong market position
in the heavy vans segment, in the segment of mid-size
vans the market share of the Vito decreased due to the
model changeover scheduled for 2003. 

In the spring of 2002, DaimlerChrysler introduced the
new Vaneo, which is positioned as a premium product 
in this segment. 

The updated Sprinter model was introduced at the
International Auto Show (IAA) in Hanover in September
2002. This new model is more attractive and, thanks
to longer service intervals, more economical. Another
new feature is the Electronic Stability Program (ESP).
DaimlerChrysler is the first vehicle manufacturer to offer
this system in this van segment. To strengthen its 
presence in the US van market in early 2003, Daimler-
Chrysler plans to offer the Sprinter, which has been 
sold successfully in the US under the Freightliner brand
name since the middle of 2001, as a Dodge brand 
vehicle as well. We also plan to launch the Sprinter in
Canada and Mexico. 

The licensing agreement with Volkswagen AG for 
the production of the Sprinter van by Volkswagen was
renewed to cover successor models as well. 

02/01
in %

1,000
Units

Unit Sales 2002 1

1 Wholesale figures (including leased vehicles)
2 Including the Mitsubishi L200 pickup and the Mitsubishi Pajero in South Africa
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Annual Reports
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CSR Reports

McDonald‘s 2012/13
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Corpus Statistics

• 280M Tokens (for comparison: German Wikipedia has 1.3B),

• 5K reports

• Equal distribution by country

• 250K tokens of annual vs. 35K tokens of CSR reports
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Measuring Document Emotion

• Lexicon-based approach because of missing gold data

• Emotion lexicons store uncontextualized word emotions

• Lexicon by Warriner et al. (2013) comprises 14k entries

Lemma Valence Arousal Dominance

sunshine 8.1 5.3 5.4

terrorism 1.6 7.4 2.7

calm 6.9 1.7 7.4

(1-to-9 scales)
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Measuring Document Emotion: JEMAS

Available: 
https://github.com/JULIELab/JEmAS

(Buechel & Hahn, ECAI 2016)

(sunshine, <8, 3, 5>)
(terrorism, <2, 7, 3>)

(calm, <7, 2, 7>)

full text 
documents

linguistic 
normalization

BOW 
representation

emotion lexicon

VAD score 
calculation
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Results — Annual vs. CSR Reports
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Results — Enterprise Mean Scores
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Results — Influence of Company and Year

• Statistical analysis revealed that the company issuing a report 
accounts for most of the variance of VAD values

• Up to 70% for arousal when controlling for report type

• Yet reference year shows very litte variance at all

Ø Corporations communicate with distinctive and persistent 
emotional profile
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Results — Organizational Writing vs. News Topics

• Based on Reuters Corpus Volume 1 (RCV1)

• 800k newswire documents

• Hierarchy of 103 topic codes
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Limitations of the Lexicon-Based Approach

Everytime I read “Pride and Prejudice” I want to 
dig her [Jane Austen] up and beat her over the 

skull with her own shin-bone.

– Mark Twain

Word usage is not always sufficient to infer sentiment
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Problematic Linguistic Phenomena

Negation

Modification

Composition

Ordering

good not good

fine almost fine

kill kill cancer

The interior was charming, the service
flawless, and the courses sounded
delicious. However, it couldn‘t keep up
to the expectations.
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Recent Methodologies in
Natural Language Processing
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Recent Methodologies

• Most tasks in NLP approached as 

supervised machine learning

• In recent years: Deep Learning

• Neural network with multiple layers 

of non-linear transformations

(stacked logistic regression models)

• Specific architecture depends on 

linguistic level (Word–Sentence–Text)

. . .

. . .

. . .

1
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Word Embeddings I

dogcat

turtle

equality

• Words represented as real valued vectors

• Angle between vectors encodes similarity

• Derived from raw text only
(factorization of cooccurrence matrix)
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Specific Word Meaning in JOCo

Index Annual Reports Corporate Social Responsibility Reps Total
Tokens Sentences Reps Tokens Sentences Reps Tokens Sentences Reps

DIJA 27,139,371 864,724 458 7,168,558 253,564 239 34,307,929 1,118,288 697
S&P500 23,914,717 780,372 335 2,902,234 101,707 113 26,816,951 882,079 448
NASDAQ 24,937,589 737,156 342 896,070 32,769 58 25,833,659 769,925 400
FTSE 100 47,086,382 1,458,637 452 8,913,870 322,565 278 56,000,252 1,781,202 730
FTSE 250 20,654,093 619,239 472 1,657,327 56,052 86 22,311,420 675,291 558
FTSE AIM 100 15,878,972 477,245 426 207,220 7,746 30 16,086,192 484,991 456
DAX 45,170,200 1,535,016 469 9,646,971 362,162 254 54,817,171 1,897,178 723
MDAX 23,198,101 786,189 366 3,193,350 116,437 93 26,391,451 902,626 459
TechDAX 19,083,290 654,875 350 203,393 8,076 15 19,286,683 662,951 365
Total 247,062,715 7,913,453 3,670 34,788,993 1,261,078 1,166 281,851,708 9,174,531 4,836

Table 1: Numbers of tokens, sentences and reports relative to stock index and report category.

economy growth tax leadership sustainable
recession .70 grow .66 taxes .73 leaders .66 sustainably .64
economies .69 double-digit .64 taxation .71 excellence .57 sustainability .64
upswing .68 strong .63 deferred .65 reinforce .56 environmentally .56
upturn .67 organic .60 non-deductible .61 leader .55 stewardship .56
gdp .66 profitable .60 carryforwards .57 competencies .55 low-carbon .54

Table 2: Sample word embeddings illustrated by their five nearest neighbors based on cosine similarity.

lected each corporation from the three countries so
that they matched the corresponding two counter-
parts with respect to industry segment, sales and
trading volumes.

Lastly, we let the time span of our corpus range
between the years 2000 and 2015. Each report
(AR and CSRR) from one of the 270 companies in
the previously defined sample that addresses one
of these years was included in the corpus, if pos-
sible (see also the following Subsection 3.2). The
year 2000 was chosen as a starting point because
of, first, the burst of the dotcom-bubble and, sec-
ond, the upcoming of CSRRs. Further details re-
garding our sampling strategy are provided in the
README file of our corpus distribution.

3.2 Data Acquisition and Cleansing
The reports determined in this way were collected
by three student assistants from the Business and
Management Department by downloading the re-
ports in PDF format from the companies’ web-
sites. In some cases, especially for documents
from the early 2000s, reports were not available
for downloading. The students (and, if necessary,
one of the authors) then requested the documents
directly from the respective investor relations de-
partment via email. The following metadata were
recorded: report type (either AR or CSRR), refer-
ence year of the report2 (as given on the title page),
company of origin, and stock index.

2 In some cases, and in particular with regard to CSRR,
sometimes multiple consecutive years were indicated. In
these cases, only the first year is considered as reference year.

We used the pdf2text software by glyphand-
cog.com to extract plain text from the collected
PDF files. In general, this software extracts text
with sufficient quality. However, the final result
depends heavily on the layout and style of the in-
put files. For this reason, the resulting plain text
files were iteratively refined in a rule-based fash-
ion. This post-processing included restoring of the
original text structure of headings and paragraphs,
deleting superfluous line breaks and hyphenation,
page numbers and (rarely occurring) odd charac-
ter sequences, as well as remnants of structured
data, such as tables. This post-processing strategy
yielded a mostly clean corpus of raw textual data
only, i.e., preserving the running text of the origi-
nal PDF files as good as possible while at the same
time stripping off all irrelevant non-linguistic data.

3.3 Corpus Analysis

After corpus construction, we used NLTK.org
tools (Bird, 2006) for counting tokens and sen-
tences for all of the reports. The results, summa-
rized for each stock index, are depicted in Table
1. In total, our corpus comprises almost 5,000
reports, summing up to 282M tokens (9M sen-
tences). This constitutes a substantial collection
of textual data (for comparison, the BNC, ANC,
and DEREKO contain 100M, 15M, and 42B to-
kens, respectively). The vast majority of the data
set consists of ARs (247M tokens vs. 35M tokens
from CSRRs). American, British and German cor-
porations are properly represented in the data set,
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Word Embeddings II

man – woman + queen ≈ king

king

queen

man

woman

Vectors encode
semantic relations!

uncle

aunt
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Word Embeddings II

bill_gates – microsoft + apple ≈ steve_jobs

jeff_bezos

amazon

bill_gates

microsoft

Vectors encode
semantic relations!

steve_jobs

apple
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Current Methodologies — Word Level

• Emotion ratings can be directly 
inferred from word embeddings

• Simple feed-forward networks 
do very well (Du & Zhang, 2016)

• Close to human performance
(Buechel & Hahn, NAACL 2018) . . .

. . .

. . .

1
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Current Methodologies — Sentence Level

• Recurrent neural networks (RNNs) 
as standard building block

• Input at multiple timesteps 

• Hidden state “memorizes” context
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Current Methodologies — Text Level

• Problem: RNNs can only memorize short sequences 
(≈100 time steps)

• RNNs work only for very short texts (paragraph, tweet)

• Best approach for long texts unclear
(news paper articles, movie transcript, novels, annual reports)

– Averaging of sentence or even word scores as robust fallback

– Unclear how to acquire ground truth
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Conclusion
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Conclusion

• Sentiment and emotion analysis are vibrant and relatively 
new areas within NLP

• Analysis of emotional language use by enterprises within 
corpus of annual and CSR reports 

• Currently very fast methodological development in NLP 
opening up new possibilities for applied research 
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