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#1 Step

defining the research question
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100 MILLIARDEN DOLLAR WERT

Tesla uberholt VW an der Borse

23.01.2020,09:12

https://www.youtube.com/watch?v=VuGFgHeaHNE
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*"What is the effect of Elon Musk’s tweets on Tesla’s stock
market performance?”



Why is the question economically relevant?

e Social media usage of CEQO’s can influence financial markets

e |nvestors react within minutes to public statements

e Elon Musk’s tweets have repeatedly affected Tesla’s stock price and trading volume

e Understanding these reactions helps investors, companies, and regulators manage risks



#2 Step

finding data



Kaggle.com

< elon musk tweet

“ Comments 262

Filter by

CREATOR

O You
O Others

<> Notebooks 140

f Datasets 42 X E] Topics 6

42 Results

Elon Musk Tweets
Dataset - 2y ago - by Gabriel Preda
Tweets of Elon Musk collected using tweepy

Elon Musk's Tweets Dataset 2022
Dataset - 3y ago - by Marta Castrillo

Context &gt; Elon Musk is a business magnate and investor.

Elon Musk Tweets (Daily Updated)
Dataset - 2y ago - by Aryan Singh
Tweets of Elon Musk collected using snscrape.

Elon Musk's Tweets
Dataset - 8y ago - by E. Kaan Ulgen
Context Elon Musk is an American business magnate.

All Elon Musk's Tweets
Dataset - Sy ago - by Andrada
2010 - 2021 tweets by Elon Musk

Elon Musk Tweets Dataset (17K)

Dataset - 3y ago - by Yasir Raza
Dataset of Elon Musk tweets till now (17K)

Relevance ~

-~ 101

3,895 downloads

66

3,270 downloads

53

1,497 downloads

-~ &7

3,893 downloads

60

2,535 downloads

- 34

2,302 downloads
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kaggle

Create

Home

Competitions

D B > B 9 ® +

Datasets
Models
Benchmarks
Game Arena
<> Code
=] Discussions
= Learn
v More

I_||_:| View Active Events

Q Search

ALEX HUGGLER - UPDATED 3 YEARS AGO -~ | 29 <> Code &, Download @

Elon Musk Tweets Sentiment(Classified via
RoBERTa)

Elon Musk Historical Twitter Data

Data Card Code (5) Discussion (0) Suggestions (0)

About Dataset

This dataset was compiled by scraping Twitter for tweets from the @elonmusk account. In addition, feature engineering has
occurred on the dataset to add a field called 'sentiment' and 'mentions, for further analysis. The sentiment column was
generated by using a RoBERTa Transformers Model, which can be found here (https://huggingface.co/cardiffnip/twitter-
roberta-base-sentiment). This dataset can be used to show time series analysis of @elonmusk tweets, can be used for other
forms of data analysis, text analysis, sentiment analysis, and other various forms of NLP. Update: Newly added files will be
added with the most recent refresh date listed in the file name, current update is as of 12-25-22

(T L]

Usability ©
10.00

License
CCO: Public Domain

Expected update frequency
Quarterly

Tags
News
Automobiles and Vehicles
Electronics Electricity

Popular Culture
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This dataset was compiled by scraping Twitter for tweets from the @elonmusk account. In addition, feature engineering has
occurred on the dataset to add a field called 'sentiment' and 'mentions, for further analysis. The sentiment column was
generated by using a RoBERTa Transformers Model, which can be found here (https://huggingface.co/cardiffnlp/twitter-
roberta-base-sentiment). This dataset can be used to show time series analysis of @elonmusk tweets, can be used for other
forms of data analysis, text analysis, sentiment analysis, and other various forms of NLP. Update: Newly added files will be
added with the most recent refresh date listed in the file name, current update is as of 12-25-22

then we don’t have to do much
— work is easier
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Elon Musk Tweet Dataset (Kaggle)
Contains tweet text, timestamps, and engagement metrics
(tweets, retweets,replies,quotes)

Tesla Stock Data from Yahoo
Includes daily closing price, returns, and trading volume

R’s quantmod package downloads data directly from the Yahoo
Finance API, which provides clean financial data, daily updates, easy
access via one command.

14



#3 Step

setting up R



Premises

1.working on the same project simultaneuosly without overwriting
2. structure
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1.

we created a Shared Github Repository and named

Science-and-Data-Analytics™

= O mirahein / Data-Science-and-Data-Analytics

<> Code

) Issues

{1 Pullrequests (&) Actions

#, Data-Science-and-Data-Analytics

¥ main ~

0O 00O 0O

¥ Branches © Tags

code

data

report

slides

.gitignore
Data-Science-and-Data-Analytics.Rproj
LICENSE

README.md

README &3 GPL-3.0 license

fH Projects

Public

0 wiki

O Security

Data-Science-and-Data-Analytics

[~ Insights

Q. Type (/] to search

63 Settings

Add file ~ <> Code ~

O 4 commits

8 ~ + <~ ||O|0

¥ Fork 0 - ¥¢ Star 0 ks

About

No description, website, or topics
provided.

Readme
GPL-3.0 license
Activity

0 stars

0 watching

€ O & ¢ & B

0 forks

Report repository

Releases

No releases published
Create a new release

Packages

No packages published
Publish your first package

Languages

*Data-
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we cloned a project in R and linked it to GitHub
we set up Push-Commit-Pull

Eash: 0267 comeand not Tound

5-;|1:-::-r - |:I|l:l:.:l| us-tr email “wira.d. heinesannigeat 1. con™
lLli' T a HECrion: |'"|:-|'|.

i |
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4.

dir.create("data")

dir.create("code")

dir.create("figs")
dir.create("slides")
dir.create("report")
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#4 Step

first attempt of coding

20



S - °$| < - H] = # Go to file/function

@ .Rhistory @ 01 _import_data.R

-

1
2
3
4
5
6
14
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

A Source on Save = (O /-
* ## Install and load required packages

-~ -4 - Addins ~

G+

install.packages(c("quantmod", "tidyverse"), dependencies = TRUE)

library(quantmod) # for downloading financial data
library(tidyverse) # for data wrangling (dplyr, readr, tibble etc.)

* ## Download Tesla stock price data ---

start_date <- "2020-01-01"

# Download TSLA data from Yahoo Finance, starting at start_date
getSymbols("TSLA", src = "yahoo", from = start_date)

# Convert TSLA xts object to a tibble with date and closing price

tesla_df <- tibble(
date = index(TSLA),

# extract the date index

close = as.numeric(TSLAS$TSLA.Close) # convert closing price to numeric

) I>
arrange(date) [>
mutate(

# compute daily returns: (P_t / P_

return = (close / lag(close)) - 1

# make sure rows are ordered by date

{t-1}) - 1

o ]
4+ Source ~ =

21



Q -~ ORI =R B & | A Gotofile/function E ~ | ~ Addins ~
ﬁi‘, .Rhistory Qj 01_import_data.R — =
&= a || Source on Save = /’ n =Run @ 5= |~ | 4 Source -~ =

AT
28 * ## Load tweet data and inspect structure ---------mm e 2
29
30 # Read raw tweet data (assumed to be in a CSV file)
31 tweets_raw <- read_csv("data/elon_tweets.csv")
32
33 # Inspect column names to understand structure
34 colnames(tweets_raw)
35
36~ ## First version of tweet cleaning (kept for reference) ----------------—---
=
38 tweets <- tweets_raw |>
39 mutate(
40 # convert Datetime column to Date (drop time of day)
41 date = as.Date(Datetime)
42 ) 1>
43 # rename Text to content and keep sentiment as is for now
R select(date, content = Text, sentiment)
45 '
46 head(tweets)
47
48 1library(stringr) # string manipulation (also loaded via tidyverse, but explicit here)
49
50 # (Clean up sentiment labels by removing brackets and quotes
51 tweets <- tweets [>
52 mutate(
53 sentiment = str_replace_all(sentiment, "\\[I'I\\]", "™)
54 )
55
56 head(tweets)
57 unique(tweets$sentiment) # check which sentiment categories exist
58

22



59 ~ ## Aggregate tweets by day ---------------------m e
60

61 tweets_daily <- tweets |>

62 group_by(date) |>

63 summarise(

64 tweet_count = n(), # number of tweets per day
65 pos = sum(sentiment == "positive"), # count of positive tweets
66 neu = sum(sentiment == "neutral"), # count of neutral tweets
o7 neg = sum(sentiment == "negative"), # count of negative tweets
68 .groups = "drop"

69 )

=2rx



89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
1 b )
112

1122

122

» ## Alternative (equivalent) aggregation and merge --------------—ccccccu---

tweets_daily <- tweets %>%

group_by(date) %>%

summarise(
tweet_count = n(),
pos = sum(sentiment == "positive"),
neu = sum(sentiment == "neutral"),
neg = sum(sentiment == "negative"),
.groups = "drop"

)

data_merged <- tesla_df %>%
left_join(tweets_daily, by = "date") %>%
# here we use replace_na() with a named 1ist to fill NAs
replace_na(list(

tweet_count = 0,
pos = @,
neu = 0,
neg = 0
D)) %>%

mutate(tweet_day = if_else(tweet_count > @, 1L, QL))

head(data_merged)

136 ~ ## Re-aggregate tweets by day with cleaned sentiment ----------cccecccccaa--

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

unique(tweets$sentiment)

tweets_daily <- tweets |>
group_by(date) |>

summarise(
tweet_count = n(), # total tweets per day
pos = sum(sentiment == "positive"), # positive tweets per day
neu = sum(sentiment == "neutral™), # neutral tweets per day
neg = sum(sentiment == "negative"), # negative tweets per day
.groups = "drop"

)

head(tweets_daily)
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Limiting our analysis

Several conceptual challenges
. Multiple tweets on the same day
. Difficulty visualizing patterns over long periods

DECISION: Limit our analysis to around 10 tweets and conduct a focused event-study

25



Minute interval vs daily

B B > B ¥ ® | -+

[ul

kaggle

Create

Home
Competitions
Datasets
Models
Benchmarks
Game Arena
Code
Discussions
Learn

More

Your Work

VIEWED

Elon Musk Tweets 20...

Stock Marke

Q Search )
<> Code & Download :

MOHAMMED ZAHID - UPDATED 4 YEARS AGO - 2

Tesla intraday stock market data

5 minute interval data from Jan 2017- June 2020

Data Card Code (0) Discussion (0) Suggestions (0)

Usability ©
About Dataset y
3.53
This dataset contains open, high, low, closing price as well as volume data(OHLCV) for 5 min intervals License
Unknown

Expected update frequency
Not specified

Tags

Finance Investing
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Filtering for Original Tweets

To ensure we analyse only Musk’s
communication we removed:
Retweets, Replies, Quote Tweets

27



Mumber of Tweets

Only using Tesla related Tweets

Daily Count of Elon Musk Tweets by Category (Jan 2020 - Mar 2020)

Jan

Feb

Date

Mar

Apr

Tweet Category
Link-0nly

Mon-Tesla

. Tesla-Related

tesla keywords:

"tesla", "tsla",
"model s", "model 3", "model x", "model y",

"cybertruck”, "roadster”,
"fsd", "full self-driving", "autopilot",

"gigafactory”, "giga berlin", "giga shanghai”, "giga texas",

"supercharger”, "megapack”, "powerwall"
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Switch Tweet Data Set

Unsure how reliable the sentiment labels in the original tweet dataset were

kaqggle Q, search ) ; |

== (Create

Elon Musk Tweets 2010 to 2025 (April)

Probably the most complete archive of tweets published under the handle elonmusk

Home

Competitions

Datasets

Data Card Code (7) Discussion (0) Suggestions (0)

®
<
iy
& Models
dh
©

Benchmarks Usability @
About Dataset sabiiity
Game Arena 8.82
<> Code License
« all_musk_posts.csv - Elon Musk's tweets from his official account (@elonmusk) from the very beginning till April 13, 2025, Other (specified in description)
_ Discussions « musk_quote_tweets.csv - the original tweets that Elon Musk quote-tweeted to his official account (@elonmusk) from the

very beginning till April 13, 2025. Expected update frequency
€0 Learn Not specified

| scraped Elon Musk's tweets and combined it with other datasets published on Kaggle in different years:
v  More Tags

All Elon Musk's Tweets News Text Palitics

Your Work « tweets from Bill Gates, Elon Musk and Ed Lee

=
« Elon Musk Tweets, 2010 to 2017 w'
- VIEWED
« Elon Musk Tweets (2021-2023)

.  Elon Musk Tweets 20...



Sentiment — Initial challenges

First Approach: Using the R package tidytext, but this fails to
understand context, sarcasm or irony

Second Approach: Using Large Language Model solutions, but
this is difficult to use with r studio
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Sentiment- Breakthrough

Sentiment Score Distribution (Tesla-Related Tweets) (Jan 2020 - Mar 2020)

Adopted the sentiment.ai packages
context-sensitive sentiment scoring
directly within R

Mumber of Tweets

To support sentiment.al, we had to
install Miniconda + Python + TensorFlow

0.0
Sentiment Score

Sentiment Label
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Handling After Hour
& Weekend Tweets

® Tweets can occur 24/7, but intraday StOCk data Only Tesla related Tweets by Timing Relative to Market Hours (Jan 2020 - Mar 2020)
exists during U.S.
market hours

. 2 Possible approaches:
o After-nours & weekend tweets : align them with the
next market open (09:30)
o Or just use tweets that occur during the U.S. market
hours

Mumber of Tweets




Next Steps

Event-window analysis (-1 to +3 hours)
Compare reactions across tweets
Choose analysis approach
Decide on visualisation strategy
Organise output data
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Feedback & Discussion



