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ABSTRACT

EXAMINATION OF INSTITUTIONAL INVESTOR NETWORK PATTERNS IN CONTEXT
OF MAJOR CRASHES IN US STOCK MARKETS

DEMIREL, Ersin
M.S., Department of Information Systems

Supervisor: Prof. Dr. Banu GUNEL KILIC

January 2024, [82] pages

In the dynamic landscape of the stock market, accredited investors in the U.S. are required to report
quarterly holdings in their portfolios to the Securities and Exchange Commission (SEC) using Form
13F. Although these filings disclose holdings of each investor, it is challenging to extract valuable
insights because of the complex structure of the market and the natural tendency of investors to keep
their strategies discreet.

This thesis presents an innovative approach to process and enrich historical 13F filings into a dynamic
bipartite graph of stocks and investors with rich edge and node attributes in order to shed light into
investor behaviors in context of major crashes in the U.S. stock markets. The analysis revealed that the
clustering coefficient, significant sale and buy counts, late submitted filings and specific motif counts
of the generated graph exhibit substantial changes during market crashes. These findings highlight the
potential to use 13F filings and network methods for deeper understanding of market dynamics during
downturns, and to be used as useful features for market monitoring systems.

Keywords: Financial Analysis, Stock Markets, Stock Market Crashes, Network Analysis, Network
Motif Discovery
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0z

ABD HISSE SENEDI PIYASALARINDAKI BUYUK COKUSLER BAGLAMINDA
KURUMSAL YATIRIMCI AGI ORUNTULERININ INCELENMESI

DEMIREL, Ersin

Yiiksek Lisans, Bilisim Sistemleri Boliimii

Tez Yoneticisi: Prof. Dr. Banu GUNEL KILIC

Ocak 2024, [82]sayfa

Hisse senedi piyasasinin dinamik ortaminda akredite yatirimcilar, portfdylerindeki varliklart her ii¢
ayda bir Form 13F raporu ile Menkul Kiymetler ve Borsa Komisyonu (SEC) kurumuna bildirmektedir.
Her ne kadar 13F raporlar1 yatirnmcilarin borsadaki varliklari agiklasa da, piyasanin karmagik yapisi
ve yatirimeilarin stratejilerini gizli tutma yoniindeki dogal egilimleri nedeniyle bu raporlardan degerli
i¢goriiler elde etmek zordur.

Bu tez, ABD hisse senedi piyasalarindaki bilyiik ¢okiisler baglaminda yatirimer davraniglarina 1s1k
tutmak amaciyla, tarihsel 13F belgelerini, zengin u¢ ve dii§iim 6zelliklerine sahip hisse senetleri ve
yatirimcilardan olusan dinamik iki tarafli bir ag halinde iglemek ve zenginlestirmek i¢in yenilik¢i bir
yaklagim sunmaktadir. Analiz, olusturulan agin kiimelenme katsayisi, onemli satis ve satin alma sa-
yilari, gec teslim edilen 13F raporlar1 ve spesifik motif sayilariin piyasa ¢okiisleri sirasinda belirgin
degisimler gosterdigini ortaya ¢ikarmistir. Bu bulgular, kriz sirasinda piyasa dinamiklerinin daha de-
rinlemesine anlagilmasi ve piyasa izleme sistemlerinde kullanigh 6znitelikler olarak 13F raporlarinin
ve ag analizi yontemlerinin kullanilma potansiyelini vurgulamaktadir.

Anahtar Kelimeler: Finansal Analiz, Hisse Senedi Piyasalar1, Hisse Senedi Piyasa Cokiisleri, A§ Ana-
lizi, A§ Motif Tespiti
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CHAPTER 1

INTRODUCTION

Due to their diverse, rich, and accessible data, combined with their intrinsic connection to the social
sciences, stock markets have consistently captured the attention of investors, economists, and scholars.
Ensuring transparency in these markets is critical, both for fair trading and for the protection of indi-
vidual investors. Over the years, this need for transparency has led to various regulatory requirements,
one of the most significant being the SEC Form 13F. Accredited investors use this form to disclose
their portfolio holdings in each quarter. Even though the nature of the information presented in 13F
filings has a great potential to explain market behavior, extracting meaningful insights from these fil-
ings is challenging due to complex structure of market and the natural tendency of investors to keep
their strategies discreet.

In this context, this thesis presents a methodology to process and enrich historical 13F filings in order
to shed light into investor behaviors within the context of major market events in U.S. stock markets.
The process involves the transformation of 13F filings and related stock market data into a dynamic
bipartite graph, incorporating rich edge and node attributes. Subsequently, the study delves into the
analysis of specific attributes and graph metrics over time, with a concentrated focus on the timelines
of market crash events and related industries in U.S. stock markets. Then, network motif discovery ap-
proach is applied to examine frequencies of certain network patterns over time, to discover changes of
investor behavior during market crashes. In short, study processes and examines historical 13F filings
and supplementary data to progressively examine to understand investor motivations and behaviors in
relation to market crashes.

The goal of this introduction chapter is to give readers a clear understanding of the motivation behind
this research. The introduction chapter starts with the Objectives of the Study section, where main
goal and key objectives to reach that goal will be listed. In the Contributions of the Study section,
the potential benefits of this study to finance and graph data science fields are discussed. In the Or-
ganization of the Thesis section, chosen approach to convey information and the rationale behind it
is briefly explained. Finally, the Scope and Limitations section highlights specific focuses within the
vast domains of finance and data science, while specifying limitations stemming from the nature of the
available data.

1.1 Objectives in the Study

The study utilizes network-centric approaches to better understand the characteristics of the U.S. stock
markets during market crises. Knowing the fact that stock markets are highly interconnected ecosys-



tems with numerous large players with serious impact on the overall market or even globally, study
examines broad market data as well as industry perspective of stocks, and institutional investor stock
holdings.

This main goal can be further divided into the following list of several objectives:

e Transforming the stock holdings data of accredited institutional investors, as disclosed in 13F
filings, into a dynamic bipartite network representing stock holding exchanges of investors for
each quarter.

e Examination of the overall market and specific major company stocks during stock market
crashes of selected industries and sectors.

These initial objectives are expected to pave the way for the following complex objectives:

e Evaluating dynamic network attributes and metrics over time, particularly during market events,
to assess changes in the global structure of the bipartite network of stock-investor relations.

e Conducting a thorough analysis of the dynamic bipartite network by examining motif count
frequencies each quarter focusing on relevant industries, and comparing their variations during
market crashes in U.S. markets.

1.2 Contributions of the Study

Although infrequent, financial crises are significant events with global consequences, often originating
from stock market downturns rather than natural disasters or wars. From this perspective, financial
crises are events examined from various perspectives.

This study centers on the notion that stock markets constitute a complex and dynamic interrelations
of public companies, industries and institutional investors. As a result, the primary contribution of the
study to the literature lies in offering an alternative perspective on stock market crashes by examining
changes in such interrelations in context of stock market crashes.

Considering the significance of events and the magnitude of the scope, the data to be processed as
the ground truth consists of SEC Form 13F filings arising from government-regulated regulations,
supplemented by stock market data. In this regard, the thesis also provides alternative approaches for
extracting insights from SEC 13F filings.

The study introduces a network-centric approach to the realm of financial market crashes through the
analysis of 13F filings. This approach offers an alternative perspective and potentially unique features
to be used further in this domain. The findings also indicate the possibility of incorporating rich
features for future applications, including the monitoring of financial crises, as well as, prediction or
the classification of quarterly positions of investors.

In addition, the thesis provides an in-depth literature review on various related topics such as financial
markets, disclosure regulations, filings, graph data science, and stock market crashes. Through this



extensive exploration, it equips the reader with the tools and thought processes to comprehend the
interconnections among these subjects.

In this regard, the study aims to provide specific insights by examining investor behaviors in the con-
text of stock market crashes through a network-centric perspective. These insights not only provide
finance professionals with an alternative viewpoint on stock market crashes, but also offer investment
researchers valuable information to make informed and potentially profitable decisions in the wake of
such market downturns.

1.3 Organization of the Thesis

The study commences by establishing an exhaustive background in the fields of finance and data sci-
ence. Given that the intended readers may have diverse backgrounds, spanning both social science
and data science, the upcoming chapter initially provides foundational knowledge on finance and cap-
ital markets. It offers general information about financial markets, their fundamentals, regulations,
filings, the 13F filings used in the thesis, and background information on financial market crashes.
Subsequently, the focus shifts towards the data science perspective, covering the use of data science in
finance, the fundamentals of network science, background on the application of network analyses in
finance, and relevant examples. Finally, the chapter concludes by presenting related works on the use
of graph analysis specifically in stock market crashes.

In the methodology chapter of the study, the efforts required to achieve the objectives presented in this
chapter are explained. Each section of the methodology chapter consists of block diagrams explaining
steps taken to address each related objective, summaries of the methods to be used in upcoming chapter,
accompanied by a rationale for their selection, with references to similar studies.

The "Experiments and Results" chapter serves as the primary section where all the steps outlined in
the methodology are elaborated upon in depth, accompanied by relevant figures and commentary on
findings. The chapter is divided into two sections. The first section addresses the initial two objec-
tives, centering around the processing and exploration of data. The second section is dedicated to the
examination of the processed data, addressing the last two objectives of the study.

First section of "Experiments and Results" chapter begins with an explanation of the data used in the
study, presenting descriptive statistics and explanations of its columns within the context of the study.
Next subsections details the steps taken to process the data into meaningful features, providing insights
into the characteristics of the processed data with accompanying figures illustrating distributions. This
section continues to address the first objective, explaining the construction and overall characteristics
of the generated graph. Next subsection visualizes volume and volatility data of selected stocks during
market crashes to highlight how diverse responses exhibited by each industry during these events.

Moving forward, second section of the chapter addresses the third objective by calculating attributes
of the generated graph, such as changes in counts and filing delays, as well as, network metrics like
density, average degree, and clustering coefficient for each quarter. This analysis unveils temporal
changes, and enables further discussion and potential explanations on how market crashes may in-
fluence investor behaviors or vice versa. The concluding subsection of the chapter employs a simi-
lar approach to visualize changes, this time focusing on selected graph motifs. Each graph motif is



explained, illustrated and calculated for each quarter to display changes of overall market behavior.
Findings are supported with potential interpretations for the observed patterns.

In the Discussions and Conclusions chapter, the discussions section delves into the interpretation of
these findings, exploring the utility of the applied approach, discussing its strengths and weaknesses.
In the conclusions section, the study concludes its findings by comparing obtained results with the
initially outlined objectives and experimental steps taken. Lastly, in the Future Works section of the
chapter, potential directions for enhancing the study’s utility for regulatory bodies or investment re-
searchers are examined for further improvements in the future.

1.4 Scope and Limitations

Primary data examined is the processed aggregate of historical SEC Form 13F filings falling within
the range of 1999 to 2017 years. This limits the scope of the research to this time frame and the market
crashes within it, of those occurring in the United States.

In the examining of the market crashes, the study adopts a macro and network-centric perspective.
Consequently, the research provides an overall view of the S&P 500, and groupings based on selected
industries. As the study is not finance-centric, it solely investigates financial metrics such as price,
volume and volatility, refraining from an in-depth analysis of financial metrics. Instead, the study
primarily focuses on overall graph metrics, behaviors of industry groups, and changes of investor
behaviors as whole. To stay within the defined scope and prevent divergence, the study minimizes
emphasis on a entity-level perspective or entity features as much as possible.

Additionally, the study refrains from making predictive assertions and is conducted with an examina-
tion approach. The primary reason for this is the low time granularity, and high sparsity of the 13F
filings data processed and modeled in the study.

Covering the U.S. stock market in the time span from 1999 to 2017, the examined 13F filings encom-
pass portfolio holdings from over ten thousand unique investors and approximately fourteen thousand
distinct stocks. Reflecting the inherent nature of the stock market, both investor and stock interactions
follow a long-tail distribution. This implies that a minority of investors and stocks dominate the market
with substantial holdings and interactions, while the majority can be regarded as entities with minimal
interactions. In addition to that, despite the study’s comprehensiveness, filing submissions occur on a
quarterly basis, resulting a total of 74 quarters in the time series.

The characteristics of the processed data pose a challenge for the initial modeling approach with graph
neural networks, and employing techniques such as graph embedding and link predictions. The nature
of the data, involving 74 time frames and over 100 million potential interaction pairs between stocks
and investors, leads to suboptimal performance. Consequently, these limitations have prompted the
study to adopt a rule-based motif count approach in graph data science, allowing for more explainable
findings and preventing potential errors or false claims that could arise from a probabilistic predictive
approach.



CHAPTER 2

BACKGROUND AND RELATED WORK

The primary objective of this chapter is to expand upon the concepts mentioned in the preceding
chapter, providing comprehensive details and showcasing similar studies from the literature. This
approach aims to prepare readers for the subsequent discussions on methodology and experiments.

The concepts and studies presented in this chapter draw parallels from both data science and social
sciences perspectives. To ensure that the reading remains on a solid foundation, the chapter is divided
into two sections. In the first section, the chapter commences by presenting the foundational principles
of finance from a social sciences viewpoint. In this section, capital markets, regulatory bodies, disclo-
sures and their effects are further examined. At the final subsection, directly related studies examining
13F filings and market crashes will be evaluated. It then shifts its focus towards the data science lens
in the second section, inspecting data science and computational methods. In final subsection, related
studies which specifically apply network-centric tools to analyze financial markets will be examined
in depth.

The rationale behind the flow of this chapter is to guide readers through a logical progression towards
the main concepts central to this thesis. Even though they are out of the scope of this work, the
first section touches upon topics from economics and fundamental theories related to asset pricing,
while second one delves into data science methods used in different fields of finance such as portfolio
optimization and price prediction because of their prevalence in finance.

In essence, by the end of the "Background and Related Works in Literature" chapter, readers are
expected to become familiarized with the concepts and similar studies highlighted in this thesis from
both social science and data science perspectives.

2.1 Foundations of the Finance and Capital Markets

This section delves into the foundational concepts revolving around finance and capital markets. It
begins with a broad overview of the finance domain, then examines issues related to its specific chal-
lenges and nuances. Then it highlights the significance and limitations of the primary data examined in
this thesis, notably the 13F filings. It continues with providing related studies in analyzing 13F filings
as well as studies addressing market crashes and bursts.



2.1.1 Brief Introduction into Finance and Economics

Finance, economics, accounting along with the law are fundamental and interrelated disciplines that
shape the dynamics of our society in global scale [1]. In broad sense, economics, or macro-economics
to be more exact, delves into how societies allocate scarce resources among competing uses, exam-
ining individual and collective decision-making processes that influence supply, demand, and wealth
distribution. Finance, specifically addresses the ways in which individuals, institutions, and markets
raise, allocate, and invest capital by determining the value of assets and liabilities. Accounting on the
other hand, complements these areas by providing the structured means to record, report, and analyze
financial data, ensuring that businesses operate transparently.

Finance, in its essence, concerns the art and science of money management [2]. Its segmented in
three primary areas based on its target entity: personal, public, and corporate finance. Personal finance
revolves around the financial undertakings of individuals, spanning activities like planning, saving, and
borrowing. Public finance, conversely, deals with fiscal strategies, including taxation, budgeting, and
debt management, governing how public services are financed. Corporate finance, which is the central
focus of this thesis, delves into the financial operations inherent to corporations.

Before evaluating the role and purpose of a corporation, it is essential to recognize the Friedman
doctrine, which posits that the primary social responsibility of a business is to increase its profits [3].
There are various paths for businesses to increase profits, from cost reduction and turnover increase to
enhancing efficiency and productivity. Naturally, these efforts require certain capabilities, workforce,
and material resources. This brings us to the act of *financing,” the verb form of finance, representing
the action of providing funds for an investment [2].

Financing can be viewed as a strategic tool, leveraging the time value of money to utilize anticipated
future cash flows for current projects. The principle can be expressed through the formula:

FV:pvxw

This equation represents the future value (FV) of a present value (PV), factoring in a given rate of
return (r) over a number of equal payments at regular intervals (n).

In a financial ecosystem, while some entities possess a surplus of capital, others might be in need of
it. This discrepancy forms the foundation for the *'market for money’, where entities with surplus seek
investment opportunities and those in need of financing search to secure funds. At the heart of this
exchange lies the decision between two primary methods of financing: debt and equity. Debt financing
revolves around borrowing funds with the obligation of repayment with interest, while equity financing
involves exchanging ownership stakes of the company for capital.

Corporations, guided by their primary responsibility of profit maximization [3]], often face the pivotal
decision of choosing between debt and equity financing to optimize their operations. A cornerstone
in this discourse is the Modigliani-Miller theorem, which suggests that, in a world free from market
imperfections, how a firm chooses to finance its operations would not matter [4]. This fundamental
theorem sets a benchmark to evaluate external factors that constantly disrupt this ideal scenario.
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