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This comprehensive handbook covers Geospatial Artificial Intelligence (GeoAl),
which is the integration of geospatial studies and Al machine (deep) learning and
knowledge graph technologies. It explains key fundamental concepts, methods,
models, and technologies of GeoAl and discusses the recent advances, research
tools, and applications that range from environmental observation and social
sensing to natural disaster responses. As the first single volume on this fast-
emerging domain, Handbook of Geospatial Artificial Intelligence is an excellent
resource for educators, students, researchers, and practitioners utilizing GeoAl
in fields such as information science, environment and natural resources, geosci-
ences, and geography.
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Provides systematic introductions and discussions of GeoAl theory, methods,
technologies, applications, and future perspectives

Covers a wide range of GeoAl applications and case studies in practice

Offers supplementary materials such as data, programming code, tools, and
case studies

Discusses the recent developments of GeoAl methods and tools

Includes contributions written by top experts in cutting-edge GeoAl topics

This book is intended for upper-level undergraduate and graduate students from
different disciplines and those taking GIS courses in geography or computer sci-
ences as well as software engineers, geospatial industry engineers, GIS-profes
sionals in non-governmental organizations, and federal/state agencies who use
GIS and want to learn more about GeoAl advances and applications.
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Foreword

Michael F. Goodchild
Department of Geography, University of California, Santa Barbara
good@geog.ucsh.edu

It's a great honor for me to be asked to contribute a foreword toHflaisdbook of
Geospatial Arti cial Intelligence. GeoAl has very quickly become a major topic of
new research and development in geography, geographic information science (GlI-
Science), and in many of the disciplines that concern themselves with the complex
patterns and processes that can be found in the geographic domain (that is, the sur-
face and near-surface of the Earth). To this old dog, it represents not only an exciting
set of new tricks, but a reinvigoration of the old eld of geographic science in di-
rections that are fundamentally different from what came before. It bene ts from a
perfect storm of trends: the availability of many new sources of data, from remote
sensing, social media, and sensor networks; access to almost unlimited resources of
computational power; and the emergence of powerful new methods of data analysis
and machine learning.

More fundamentally, GeoAl re ects a radical shift in our approach to under-
standing the geographic domain. Half a century ago the geographic sciences modeled
themselves on the senior sciences of physics and chemistry in searching for universal
principles (Bunge, 1966). These principles should apply everywhere and at all times,
just like Mendeleev's periodic table of the elements. They should also be simple, in
accordance with the principle known as Occam's Razor: when two hypotheses might
explain the same phenomenon, one should adopt the simpler. The use of Newton's
law of gravitation to explain how human communications tend to diminish with in-
creasing distance provides an excellent example, and led to extensive research on the
modeling of social interaction. The fact that such models will never provide perfect
ts to actual geographic data was inconvenient, but their estimates were nevertheless
t for use in a host of applications. Moreover, the models provided a norm or stan-
dard that would be helpful in identifying exceptions, anomalies, and special cases.

By the mid-1980s, however, this attempt to pursue geographic science by emu-
lating physics had run its course. The geographic world was clearly too complex for
a set of mechanistic explanations, and more powerful techniques would be needed if
we were to discover patterns and identify processes. Some pursued techniques that
abandoned universality by adopting what we have come to call place-based meth-
ods, which allow explanations to vary across space or time, or both (e.g., Geograph-
ically Weighted Regression; Fotheringham, Brunsdon, and Charlton, 2002). Others
began to build analysis engines that would explore entire sets of models rather than
a few narrowly de ned hypotheses. Openshaw, for example, built a series of what he
termed geographical analysis machines that would give the data an increasing role in
driving the model selection process; much later this approach became enshrined in

Xi



Xii Foreword

the principle of the Fourth Paradigm, “Let the data speak for themselves” (Hey, Tans-
ley, and Tolle, 2009). Openshaw was an early user of the term arti cial intelligence,
and his ideas were collected in an appropriately titled but prescient book that was
published shortly before the turn of the century (Openshaw and Openshaw, 1997).
In a similar vein, Dobson began writing about what he called automated geography
(Dobson, 1983); both he and Openshaw argued that the computer should become
increasingly engaged in the research process.

Several decades later these ideas are entering the mainstream of the geographic
sciences, but with an important difference. While both Dobson and Openshaw were
trained in the domain-speci ¢ techniques of geographic analysis, today's methods of
machine learning draw from no particular domain science, but instead apply basic
approaches that are essentially the same whatever the subject matter. Thus one of the
most urgent needs in GeoAl is for techniques that incorporate the general principles
that we know to be true of the geographic domain: spatial dependence, spatial het-
erogeneity, scaling, etc. But while they may appear to be neutral, applying equally
well to any domain, techniques such as neural networks and their more recent devel-
opments such as DCNN (deep convolutional neural networks) may to some extent
emulate rudimentary ideas about the workings of the human brain and its instinctive
search for patterns. It seems somewhat ironic that in rejecting the simple mechanistic
models of classical physics, we have gravitated to the vastly more complex but sim-
ilarly mechanistic world of neural networks. Moreover, as some of the chapters of
this collection show, the use of DCNN to analyze imagery explicitly invokes the geo-
graphic concept of spatial dependence, or what we know familiarly as Tobler's First
Law of Geography. This shift in the conceptual framework for geographic science,
from Newtonian mechanics to neural networks, has led to another that is equally
fundamental. Science has always been concerned with explanation and understand-
ing and has treated description and prediction as somewhat inferior but nevertheless
useful byproducts. Results that fall short of explaining might be described somewhat
pejoratively as “journalistic”, “curve- tting”, or “mere description”. Yet much of the
very rapid growth of data science and machine learning has been driven by the appar-
ent commercial success of these approaches in prediction, and while vigorous efforts
have been made to extract understanding and replicability from these techniques, the
results thus far are disappointing. This is not to say that search and classi cation
over vast digital archives are not important contributions to science when driven by
GeoAl, but they nevertheless fall short of the ultimate and traditional aims of expla-
nation and understanding and might be better understood as hypothesis-generating
rather than hypothesis-con rming. In short, this new discipline of GeoAl not only
introduces some valuable techniques, but also challenges our approach to science in
very fundamental ways. | hope this Foreword provides a context to what is to fol-
low, and helps the reader to understand the very signi cant shift in the geographic
sciences that it heralds.
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1.1 INTRODUCTION

It is not often that geography is touched by a development having the potential to
affect substantially all of the practical, technical, methodological, theoretical and
philosophical aspects of our work.Couclelis (1986)

Geospatial arti cial intelligence (GeoAl) is an interdisciplinary eld that has re-
ceived much attention from both academia and industry (Chiappinelli, 2022; Gao,
2021; Huet al., 2019a; Li, 2020; Richter and Scheider, 2023). It incorporates a wide
range of research topics related to both geography and Al, such as developing intelli-
gent computer programs to mimic human perception of the environment and spatial
reasoning, discovering new knowledge about geographic phenomena, and advancing
our understanding of human-environment interactions and the Earth systems. While
diverse, GeoAl research shares a common focus on spatial contexts and has a root

DOI: 10.1201/9781003308423-1 3



4 Handbook of Geospatial Artificial Intelligence

in geography and geographic information science (GlScience). Three major factors
have promoted the fast development of GeoAl: advancements in Al theories and
methods, the availability of various geospatial big data, and improvements in com-
puting hardware (e.g., the graphics processing unit, GPU) and computing capability.
New research is also emerging along with the latest Al technologies, such as large
language models, ChatGPT, and other Al foundation models.

The integration of geography and Al can be traced back to the early work
by Couclelis (1986); Openshaw and Openshaw (1997); Smith (1984). Before the re-
cent disruptive GeoAl research, many Al methods and techniques have already been
integrated and improved in geospatial research. These Al methods and techniques
include arti cial neural networks (ANN), heuristic search, knowledge-based expert
systems, neurocomputing, and arti cial life (e.g., cellular automata) in the 1980s;
genetic programming, fuzz logics, and hybrid intelligent systems in the 1990s; as
well as ontology, web semantics, and geographic information retrieval (GIR) in the
2000s. Since around 2010, deep learning started to demonstrate outstanding per-
formance with breakthroughs made in training DNNs (Glorot and Bengio, 2010).
In 2012, the deep neural network, AlexNet, achieved the best performance in the
ImageNet Large Scale Visual Recognition Challenge (Krizheesksl., 2012). In
the following years, the impact of deep learning reached many domains outside of
computer science (LeCuet al., 2015) including geography and earth sciences (Re-
ichsteinet al., 2019).

Noticing the fast development of deep learning and its potential in geospatial
research, we organized a series of workshops and symposiums starting in 2017 to
promote GeoAl research in conferences such as the Annual meetings of the Ameri-
can Association of Geographers (AAG) and ACM SIGSPATIAL (étwal., 2019a).

In addition, we also organized special issues in journals, such as the special issue on
Arti cial Intelligence Techniques for Geographic Knowledge Discoviarthe Inter-
national Journal of Geographical Information Scien@anowiczet al., 2020), the
special issue osymbolic and subsymbolic GeoAl: Geospatial knowledge graphs
and spatially explicit machine learningn the journalTransactions in GISMai

etal., 2022a), and the special issue@eospatial Arti cial Intelligencen the journal
GeolnformaticgGaoet al., 2023).

As we are preparing this handbook for 2022 and 2023, there already exists
novel GeoAl research on improving individual and population health (Kamel Boulos
etal., 2019; Zhowet al., 2022b), enhancing community resilience in natural disasters
(Scheeleet al., 2021; Wangt al., 2020; Zhowet al., 2022a), enabling automated and
intelligent terrain mapping (Arundedt al., 2020; Li and Hsu, 2020; Wang and Li,
2021), predicting spatiotemporal traf c ows (Lét al., 2021a; Zhangt al., 2020),
forecasting the impacts of climate change on ecosystemsefM, 2022; Reich-
steinet al., 2019), building smart and connected communities and cities (Wang
and Biljecki, 2022; Ibrahinet al., 2021a), supporting humanitarian mapping (Chen
et al., 2018; Lungaet al., 2018), extracting knowledge from historic maps (Chiang
et al., 2020), automatic transferring map styles in Cartography (kard, 2019),
and enhancing geoprivacy protection (Kamel Bowdbal., 2022; Raet al., 2021).

In addition to using GeoAl to address societal challenges, much research has also
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been devoted to methodological developments, such as incorporating spatial princi-
ples into Al models to develop spatially explicit models (Maal., 2022a; Xiest al.,

2021), advancing spatial interpolation and prediction methods @thal., 2020),
better representing geographic features in embedding spaces{lij 2022b; Yan
etal., 2017), and increasing the explainability of GeoAl models (Cletrady, 2021;

Hsu and Li, 2023; Xing and Sieber, 2023; Zheng and Sieber, 2022).

While many studies exist, they are scattered in the literature and, consequently,
it is dif cult for scholars and students new to GeoAl to grasp a quick view of the
eld and learn some of the possible applications. This Handbook of GeoAl aims to
Il such a gap. In the following, we provide an overview of this book.

1.2 OVERVIEW OF THE GEOAI HANDBOOK

In this handbook, we rst review the historical roots for Al in geography and GlI-
Science inSection |: Historical Roots of GeoAl (Chapters 1-3). Then, we in-
troduce the foundations and recent developments in GeoAl methods and tools in
Section 1I: GeoAl Methods (Chapters 4-10). These chapters cover topics on
methodological foundations (deep neural networks and knowledge graphs), spatial
image processing, spatial representation learning, intelligent spatial prediction and
interpolation, spatial heterogeneity-aware deep learning, explainability in GeoAl,
and spatial cross-validation for GeoAl modeBection Ill: GeoAl Applications
(Chapters 11-17) presents various GeoAl applications in cartography and mapping,
transportation, humanitarian assistance, smart disaster response, public health, agri-
culture, and urban sensing. Lastlyection IV: Perspectives for the Future of
GeoAl (Chapters 18-22) offers perspectives for future developments of GeoAl, in-
cluding replicability and reproducibility, privacy and ethics, humanistic aspects, for-
ward thinking on geospatial knowledge graph, and other future GeoAl directions. In
the following, we brie y summarize each chapter.

Chapter 25e0Al's Thousand-Year Histotyy H. Couclelis introduces the origin
of the concept of GeoAl throughout history, evident in ancient Greek mythology with
tales like that of the giant Talos and other arti cial beings. Transitioning closer to the
present, particularly with the inception of Turing's contributions to the eld, this
chapter provides a brief overview of the advancements in Al spanning the past sev-
enty years. It distinguishes between two interpretations of Al in geography: a broad
interpretation and a more geographically speci ¢ one. Then, it discusses different
avors of GeoAl: Program, Neural Nets, Speculations, and Being Human.

Chapter 3hilosophical Foundations of GeoAly K. Janowicz presents some of
the fundamental assumptions and principles that could form the philosophical foun-
dation of GeoAl and spatial data science. Instead of reviewing the well-established
characteristics of spatial data (analysis), including interaction, neighborhoods, and
autocorrelation, the chapter highlights themes such as sustainability, bias in train-
ing data, diversity in schema knowledge, and the (potential lack of) neutrality of
GeoAl systems from a unifying ethical perspective. Re ecting on our profession's
ethical implications will assist us in conducting potentially disruptive research more
responsibly, identifying pitfalls in designing, training, and deploying GeoAl-based
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systems, and developing a shared understanding of the bene ts but also potential
dangers of Al research across academic elds.

Chapter 4GeoAl Methodological Foundations: Deep Neural Networks and
Knowledge Graphby Gao et al. provides an overview of the methodological foun-
dations of GeoAl, with a focus on the use of deep learning and knowledge graphs. It
covers a range of key concepts and architectures related to convolutional neural net-
works, recurrent neural networks, transformers, graph neural networks, generative
adversarial networks, reinforcement learning, and knowledge graphs. The goal of
this chapter is to highlight the importance and ways of incorporating spatial thinking
and principles into the development of spatially explicit Al models and geospatial
knowledge graphs.

Chapter 5GeoAl for Spatial Image Processirity Arundel et al. presents an
overview of the history of (digital) image processing, GeoAl-based image process-
ing applications, and the role of GeoAl in advancing image processing methods and
research. The chapter also discusses the challenges to using GeoAl for image pro-
cessing regarding training data annotation, the issues of scale, resolution, and change
in space over time. Finally, the authors share thoughts on future research on geo-
metric algebra, addressing explainability and ethical issues, combining GeoAl and
physical modeling, and using knowledge base as input/constraint for GeoAl models.

Chapter 6Spatial Representation Learning in Ged#l Mai et al. introduces the
concept of spatial representation learning (SRL), which is a set of techniques that use
deep neural networks (DNNs) to encode and featurize various types of spatial data in
the forms of points, polylines, polygons, graphs, etc. This chapter discusses existing
works, key challenges, and uniqueness of SRL on various types of spatial data and
highlights the unique challenges of developing Al models for geospatial data.

Chapter 7Intelligent Spatial Prediction and Interpolation Metholdg Zhu and
Cao presents the GeoAl motivations of spatial data representation, spatial structure
measuring, and the spatial relationship modeling throughout the work ow of spatial
prediction in the context of leveraging Al techniques. This chapter reviews GeoAl
for spatial prediction and interpolation methods, with a particular focus on two ma-
jor elds: geostatistics and spatial regression. Challenges are also discussed around
uncertainty, transferability, and interpretability.

Chapter 8Heterogeneity-Aware Deep Learning in Space: Performance and Fair-
nessby Xie et al. examines a fundamental attribute of spatial data— spatial hetero-
geneity, and depicts the phenomenon that data distributions are non-stationary over
space. Ignorance of heterogeneity in space not only decreases the prediction per-
formance of the models but also has an impact on the fairness of results — which
has become a major consideration for the responsible use of GeoAl. This chapter
summarizes recent heterogeneity-aware and fairness-aware methods that target on
addressing the heterogeneity challenge for spatial data.

Chapter Explainability in GeoAlby Cheng et al., which is contextualized in de-
bates on the usefulness of Al versus traditional methods in solving geospatial prob-
lems, gives an overview of established XAl methods (e.g., gradient-based methods
and decomposition-based methods) and their basic principles. Moreover, the chapter
highlights the bene ts of applying XAl methods for GeoAl applications based on
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several use cases and discusses explicit challenges and opportunities for applying
XAl methods in GeoAl.

Chapter 10Spatial Cross-Validation for GeoAby Sun et al. reviews spatial
cross-validation (CV) methods and discusses how spatial CV is different from ran-
dom CV. This chapter suggests that random CV could lead to an overestimate of
model performance on geographic data, due to the existence of spatial autocorrela-
tion. Spatial CV can help address this issue by splitting the data spatially rather than
randomly. Four main spatial CV methods identi ed from the literature are discussed,
and two examples based on real-world data are used to demonstrate these methods
in comparison with random CV.

Chapter 11GeoAl for the Digitization of Historical Map®y Chiang et al.
overviews cutting-edge Al methods and systems for processing historical maps to
generate valuable data, insights, and knowledge. Historical maps capture past land-
scapes' natural and anthropogenic features. In the past decade, numerous maps have
been digitized and made publicly accessible. This chapter highlights recently pub-
lished research ndings from the authors across various domains, including the se-
mantic web, big data, data mining, machine learning, document understanding, nat-
ural language processing, remote sensing, and geographic information systems.

Chapter 12Spatiotemporal Al for Transportationy Cheng et al. reviews im-
portant application domains of Spatiotemporal Al in transport. Spatiotemporal Al
has played an important role in transportation research since the latter part of the
20th century and has facilitated various tasks in intelligent transportation systems.
This chapter reviews data-driven prediction of traf c variables, optimization of traf-
¢ networks using reinforcement learning, and computer vision for sensing complex
urban environments. It concludes with some directions for future research in Spa-
tiotemporal Al for transportation.

Chapter 135eo0Al for Humanitarian Assistand®y Dias et al. discusses existing
and prospective GeoAl tools to support humanitarian practices. Humanitarian assis-
tance is essential to saving lives and alleviating the suffering of populations during
crises caused by con ict, violence, and natural disasters. This chapter covers relevant
topics on ethical principles, actors, and data sources, in addition to methodological
applications on population mapping, built environment characterization, vulnerabil-
ity and risk analysis, and agent-based modeling.

Chapter 14GeoAl for Disaster Respond® Zou et al. presents a convergence
of GeoAl and disaster response with three focuses: (1) establishing a comprehen-
sive paradigm that expounds upon the diverse applications of GeoAl with geospatial
big data toward enhancing disaster response efforts; (2) exhibiting the employment
of GeoAl in disaster response through the analysis of social media data during the
2017 Hurricane Harvey with advanced Natural Language Processing models; and (3)
identifying the challenges and opportunities associated with the complete realization
of GeoAl's potential in disaster response research and practice.

Chapter 155e0Al for Public Healttby Zii e et al. focuses on using GeoAl for
infectious disease spread prediction. Research interest in GeoAl for public health
has been fueled by the increased availability of rich data sources. This chapter
(1) motivates the need for Al-based solutions in public health by showing the
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heterogeneity of human behavior related to health, (2) provides a brief survey of
current state-of-the-art solutions using Al for infectious disease spread prediction,
(3) describes a use-case of using large-scale human mobility data to inform Al mod-
els for the prediction of infectious disease spread in a city, and (4) provides future
research directions.

Chapter 16GeoAl for Agricultureby Zhang et al. reviews the development of
GeoAl in agriculture. As yield estimation is one of the most important topics, the
main focus of the chapter is introducing GeoAl-based conceptual framework of crop
yield estimation. The framework comprises the preparation of geospatial modeling
inputs, GeoAl-based yield estimation models, as well as feature importance and un-
certainty analysis. Using the U.S. Corn Belt as a case study, three GeoAl models for
county-level crop yield estimation and uncertainty quanti cation are discussed.

Chapter 17GeoAl for Urban Sensindgy F. Biljecki provides a high-level
overview of the applications of GeoAl for urban sensing. Urban sensing has been
an important topic in the past decades, and research has been ampli ed in the last
several years with the emergence of new urban data sources and advancements in
GeoAl. This chapter reviews four examples of GeoAl applied for urban sensing,
which span a variety of data sources, techniques developed, and application domains
such as urban sustainability. It also discusses several challenges and future opportu-
nities as well as ethics and data quality issues.

Chapter 18Reproducibility and Replicability in GeoAly Kedron et al. exam-
ines how the reproducibility and replicability of research relates to the development
and use of GeoAl. This chapter rst de nes reproductions and replications in the
context of GeoAl research. It then offers guidance for researchers interested in en-
hancing the reproducibility of GeoAl studies, giving particular attention to some of
the unique challenges presented when studying phenomena using spatial data and
GeoAl. Looking to the future, this chapter presents several lines of reproduction and
replication-related inquiry that researchers could pursue to quicken the development
of GeoAl.

Chapter 19Privacy and Ethics in GeoAby McKenzie et al. discusses the
unigque privacy and ethical concerns associated with Al techniques used for analyz-
ing geospatial information. This chapter provides an overview of data privacy within
the eld of GeoAl and describes some of the most common techniques and lead-
ing application areas through which data privacy and GeoAl are converging. Finally,
the authors suggest a number of ways that privacy within GeoAl can improve and
highlight emerging topics within the eld.

Chapter 20A Humanistic Future of GeoAlby Zhao and Feng states the need
for a humanistic rewire of GeoAl, emphasizing ethical, inclusive, and human-guided
development. As GeoAl becomes increasingly integrated into our daily lives, it is
crucial to ensure that it bene ts society and the environment while upholding essen-
tial ethical principles. This chapter discusses the importance of examining GeoAl
practices, particularly on marginalized communities and nonhuman entities, to iden-
tify potential ethical and social issues and address them proactively.

Chapter 2TFast Forward from Data to Insight: (Geographic) Knowledge Graphs
and Their Applicationdy Janowicz et al. introduces what knowledge graphs are,
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how they relate to GeoAl research such as knowledge engineering and representation
learning, discuss their value proposition for geography and the broader geosciences,
outline application areas for knowledge graphs across domains, and introduce the
KnowWhereGraplas an example of a geospatially centered, highly heterogeneous
graph consisting of billions of graph statements extracted from 30 different data lay-
ers at the intersection between humans and the environment.

Chapter 2Zorward Thinking on GeoAby S. Newsam discusses the importance
of continued interaction between the communities that make up the GeoAl eld, the
challenges of interdisciplinary research, the role of industry especially with regard
to ethics, near- to medium-term opportunities, and some interesting recent develop-
ments in generative Al models.

1.3 RESEARCH QUESTIONS AND REFLECTIONS ON THE
DEVELOPMENT OF GEOAI

The key question that drives the developments and contributions in GeoAl is why
(geo-)spatial is interesting and important in Al research. One answer might be be-
cause geographic location or spatial context is often the key for linking heteroge-
neous datasets that have been intensively used for training advanced Al models (Hu
et al., 2019b; Li and Hsu, 2022). Smith (1984) summarizes the applicability of Al
to geographic problem-solving, research, and practices with a focus on individual
and aggregated intelligent spatial decision-making from both cognitive and engi-
neering perspectives. The cognitive approach focuses on the understanding of hu-
man cognitive system and decision-making process modeling while the engineering
approach focuses on the development of computer programs that have capabilities
for understanding, processing, and generating human-like intelligence (e.g., natu-
ral language and vision). A systematic approach might be needed to integrate both.
Several geospatial research streams might bene t from the use of Al, including (1)
individual decision-making in spatial contexts such as the “cognitive maps” of envi-
ronments for way- nding; (2) modeling of human behavior or human-environment
interactions using symbolic representational approach that can mitigate local lan-
guage variations; (3) text-based and image-based GIR and discovery; (4) develop-
ment of neural network-based GeoAl models that rely on fewer statistical assump-
tions; (5) A hybrid modeling approach that integrates earth system process modeling
with data-driven machine learning approaches; and (6) intelligent spatial prediction
in environments inaccessible or with limited scienti c observations.

These research directions remain valid today. While Al has been advancing so
fast, making geographers speed up their research to follow the most recent techno-
logical trends, we may also need to pause and re ect on what we have learned in the
past few years and what would be GeoAl's research agenda in the next 5-10 years?
The following questions may help the community to collectively develop a road map
for the next decade of GeoAl research:

What are the key geographic research questions that we can now address better
using Al than traditional approaches?
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What are the unsolved geospatial problems that can now be solved with Al?

What are the implications of the fast-evolving eld of Al to the future research
and education landscape of computational geography, human geography, and
physical geography?

Are there any new theories or intelligent approaches for building spatial models
and data analysis pipelines in geographic information systems?

What are the spatial effects that we can extract from machine learning ap-
proaches (Li, 2022)?

How can we replicate a GeoAl model developed in one location to another given
the underlying spatial heterogeneity of geographic phenomena (Goodchild and
Li, 2021)?

What kinds of datasets and procedures are required to train a large geospatial
foundation model (Maét al., 2023) and how is it different from general foun-
dation models?

How to detect deep fakes in Al-generated geospatial data and mapsgZdiao
2021)?

How to mitigate the energy consumption and air pollution issues caused
by training large GeoAl models and move toward sustainable Al develop-
ment (Van Wynsberghe, 2021)?

What are the ethical issues on the development of arti cial general intelligence
(AGI) in spatial reasoning and trustworthy decision-making?

How GeoAl can be a force for social good (Taddeo and Floridi, 2018) and
digital resilience (Wright, 2016)?

What are the best practices to develop responsible GeoAl while mitigating in-
visible risks and addressing the ethics, empathy, and equity issues (ldedqgn
2022)?

Last but not the least, what is the science of GeoAl?

1.4 SUMMARY

Al technologies are advancing rapidly, and new methods and use cases in GeoAl
are constantly emerging. As GeoAl researchers, we should not purely hunt for lat-
est Al technologies (Openshaw and Openshaw, 1997) but should focus on address-
ing geographic problems and solving grand challenges facing our society as well as
achieving sustainable goals. We also need research efforts toward the development
of responsible, unbiased, explainable, and sustainable GeoAl models to support ge-
ographic knowledge discovery and beyond (Janowical., 2020, 2022; Lkt al.,
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2021b). This handbook is completed in the middle of 2023. While we cannot sum-
marize all GeoAl research in this one handbook, we hope that it provides a snapshot
of current GeoAl research and helps stimulate future studies in the coming years.

1.5 ALIST OF GEOAI TOOLS AND RESOURCES

Here, we list a set of open-source datasets, tools, and resources that might be useful
for students interested in GeoAl. The following list is not exhaustive and is intended
to serve as a starting point for exploration rather than a complete collection.

DATASETS

GeolmageNet https://github.com/ASUcicilab/GeolmageNet, a multi-
source natural feature (e.g., basins, bays, islands, lakes, ridges, and valleys) benchmark
dataset for GeoAl and supervised machine learning(lal., 2022).

BigEarthNet https://bigearth.net, a benchmark archive consisting of over 590k

pairs of Sentinel-1 and Sentinel-2 image patches that were annotated with multi-labels
of the CORINE Land Cover types to support deep learning studies in earth remote sens-
ing (Sumbulet al., 2019).

EarthNets:https://earthnets.qgithub.io, an open-source platform that links to
hundreds of datasets, pre-trained deep learning models, and various tasks in Earth Ob-
servation (Xionget al., 2022).

Microsoft ~ Building  Footprints: https://www.microsoft.com/maps/building-

footprints, Microsoft Maps & Geospatial teams released open building footprints datasets in
GeoJSON format in United States, Canada, Australia, as well as many countries in Africa and
South America.

ArcGIS Living Atlas:https://livingatlas.arcgis.com, a large collection of geo-

graphic information (including maps, apps, and GIS data layers) from around the globe.
It also includes a set of pretrained deep learning models for geospatial applications such
as land use classi cation, tree segmentation, and building footprint extraction.

MoveBank https://www.movebank.org, a publicly archived platform containing
over 300 datasets that describe movement behavior of 11k animals.

Geolife GPS Trajectories:  https://www.microsoft.com/research/
publication/geolife-gps-trajectory-dataset-user-guide,  this  open

dataset contains 17,621 GPS trajectories by 182 users in a period of over three years
with activity labels such as shopping, sightseeing, dining, hiking, and cycling (Zheng
etal., 2010).

Travel Flows:https://github.com/GeoDS/COVID19USFlows, a multiscale dynamic
origin-to-destination population ow dataset (aggregated at three geographic scales: cen-
sus tract, county, and state; updated daily and weekly) in the U.S. during the COVID-19
pandemic (Kangt al., 2020).
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TOOLS, LIBRARIES AND FRAMEWORKS

Scikit-learn:https://scikit-learn.org, consists of simple and ef cient machine
learning tools, including classi caiton, regression, clustering, dimension reduction, data
preprocessing and model evaluation metrics in Python.

PyTorch: https://pytorch.org, a computational framework for building machine
and deep learning models in Python.

Tensor ow: https://lwww.tensorflow.org, another computational framework for
building machine and deep learning models.

Keras: https://keras.io, an effective high-level neural network Application Pro-
gramming Interface (API) in Python and it is easy for most machine and deep learning
beginners to learn and use.

Hugging Facehttps://huggingface.co, Al community that builds, trains and de-
ploys state of the art models (e.g., generative pre-trained transformers) powered by the
reference open source in machine and deep learning.

Google Earth Enginehttps://earthengine.google.com, a multi-petabyte catalog

of satellite imagery and geospatial datasets with planetary-scale analysis capabilities
and the Earth Engine API for geocomputation and analsis is available in JavaScript and
Python, e.g., thgeemampackage by Wu (2020).

ArcGIS GeoAl Toolbax https://pro.arcgis.com/en/pro-app/latest/tool-

reference/geoai , contains ready-to-use tools for training and using machine/deep learning mod-

els that perform classi cation and regression on geospatial feature layers, imagery, tabular and text
datasets.

COMPUTING PLATFORMS

Google Colab:https://research.google.com/colaboratory, an open plat-
form for developing machine learning models, data analysis and education re-
sources with easy-to-use Web interface powered by cloud computing.

CyberGISX https://cybergisxhub.cigi.illinois.edu, an open platform for

developing and sharing open educational resources (e.g., Jupyter Notebooks) on com-
putationally intensive and reproducible geospatial analytics and work ows powered by
CyberGIS middleware and cyberinfrastructure (Betigl., 2022; Wangt al., 2013).
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,QWURGXFWLRQ WR *HRVSDWLDO $UWLILFLDO ,

$UXQGHO 67 /L : DQG :DQJ 6 *HR1IDW Y $ GDWD\
ZLWK DUWLILFLDO LQWHOOLJHQFH DQG VXSHUYLVHG OHDUQLQ
%DLJ AW DO  &\EHUJLV FORXG $ XQLILHG PLGGOHZDUH IUDPI
JHRVSDWLDO UHVHDUF@3DQEWHEXFDQERQBHULHQFH LQ $GYDQF
&RPSXWLQJ

&KHQ HW DO 'HHS OHDUQLQJ IURP PXOWLSOH FURZGV $ FDV
PDSSLQJ ,((( 7TUDQVDFWLRQV RQ *HRVFLHQFH DQG 5HPRWH 6H
&KHQJ MW DO $ PHWKRG WR HYDOXDWH WDVN VSHFLILF LPSF
EDVHG RQ H[SODLQDEOH DUWLILFLDO LQWHOOLJHQFH ,QWHUC
6FLHQFH =

&KLDQJ #W DO 8VLQJ +LVWRULFDO ODSV LQ 6FLHQWLILF 6W]
&KDOOHQJHV DQG %HVW 3UDFWLFHV 6SULQJHU

&KLDSSLQHOOL & 7KLQN WDQN *HR$, UHYHDOV D JOLPS
ODJD]LQH b

&RXFOHOLV + $UWLILFLDO LQWHOOLJHQFH LQ JHRJUDS
FRPH 7KH 3URIHVVLRQDO *HRJUDSKHU =)

*DR 6 *HRVSDWLDO $UWLILFLDO ,QWHOOLJHQFH *HRS,

*DR 6HW DO 6SHFLDO LVVXH RQ JHRVSDWLDO DUWLILFLDO L
*ORURW ; DQG %HQJLR < 8QGHUVWDQGLQJ WKH GLIILF

QHXUDO QH@BARUMHGLQJIJV RI WKH 7TKLUWHHQWK ,QWHUQDWLR(
,QWHOOLJHQFH DQB 6RODNMKRBLERY G &RQIHUHQFH 3URFHHGLQJ

*RRGFKLOG 0 ) DQG /L : 5HSOLFDWLRQ DFURVYV VSDFH

VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 3URFHHGLQJV RI WK
H

+VX & < DQG /L : ([SODLQDEOH *HR$, FDQ VDOLHQF\ PI

LQWHOOLJHQFH V OHDUQLQJ SURFHVV" $Q HPSLULFDO VWXG\ |
-RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6FLHQFH b

+X <HW DO D *HR$, DW $&0 6,*63$7,$/ SURJUHVV FKDOOHQJI
6LJVSDWLDO 6SHFLDO b

+X <HW DO E $UWLILFLDO LQWHOOLJHQFH DSSURDFKHV 7KH
7HFKQRORJ\ %RG\ Rl .QRZOHGJH

,EUDKLP 05 +DZRUWK - DQG &KHQJ 7 D S8UEDQ L )U
VOXPV WUDQVSRUW PRGHV DQG SHGHVWULDQV LQ FLWLHV X\
(QYLURQPHQW DQG 30DQQLQJ % B8UEDQ $QDO\WLFV DQG &LW\
-DQRZLF]JHW DO *HR$, VSDWLDOO\ H[SOLFLW DUWLILFLDO LQ
JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG ,QWHUQDWL
6FLHQFH b

-DQRZLF] . 6LHEHU 5 DQG &UDPSWRQ - *HR$, FRXC
$ FRQYHUVDWLRQ 'LDORJXHV LQ +XPDQ *HRJUDSK\ b

.DPHO %RXORNWODD 5HFRQFLOLQJ SXEOLF KHDOWK FRPPRQ .
SULYDF\ QHZ PHWKRGV DQG LVVXHV LQ JHRSULYDF\ ,QWHUQT

.DPHO %RXORV 01 3HQJ * DQG 9R3KDP 7 $Q RYHUY
KHDOWK DQG KHDOWKFDUH ,QWHUQDWLRQDO -RXUQDO RI +HD
.DQJ <HW DO OXOWLVFDOH G\QDPLF KXPDQ PRELOLW)\ IORZ G
FRYLG HSLGHPLF 6FLHQWLILF 'DWD b

.DQJ < *DR 6 DQG 5RWK 5 ( 7UDQVIHUULQJ PXOWLYV
DGYHUVDULDO QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI &DUW
LUL]JKHYVN\ $ 6XWVNHYHU , DQG +LQWRQ * ( ,PDJH(

FROQYROXWLRQDO QOX¥UBBUBGHWIER BNWXUJHY / %RWWRX DQG
$GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\WVWHPV YR
JH&XQ <  %HQJLR < DQG +LQWRQ * 'HHS OHDUQLQJ
/L OHW DO D 3UHGLFWLRQ RI KXPDQ DFWLYLW\ LQWHQVLW\ X
VRFLDO VSDFHV WKURXJK JUDSK FRQYROXWLRQDO QHWZRUNYV
,QIRUPDWLRQ BFLHQFH b



/L *HR$, :KHUH PDFKLQH OHDUQLQJ DQG ELJ GDWD FR

6SDWLDO ,QIRUPDWLRQ 6FLHQFH

/L : DQG +VX & < $XWRPDWHG WHUUDLQ IHDWXUH LGHC

LPDJHU\ D GHHS OHDUQLQJ DSSURDFK ,QWHUQDWLRQDO -RXLU
b

/L : DQG +VX & < *HR$, IRU ODUJH VFDOH LPDJH DQDO\

SURJUHVV RI DUWLILFLDO LQWHOOLJHQFH LQ JHRJUDSK\ ,635¢

/L : +VX &< DQG +X 0 E 7REOHU V )LUVW /DZ LQ *HF
OHDUQLQJ PRGHO IRU WHUUDLQ IHDWXUH GHWHFWLRQ XQGHU
$VVRFLDWLRQ RI *HRJUDSKHUYV b

/L : HW DO  *HR,PDJH1HW D PXOWL VRXUFH QDWXUDO IHDW X
DQG VXSHUYLVHG PDFKLQH OHDUQLQJ *HR,QIRUPDWLFD b

/L = (IWUDFWLQJ VSDWLDO HIITHFWV IURP PDFKLQH OHDL
PHWKRG $Q H[DPSOH RI VKDS DQG [JERRVW &RPSXWHUV (QY!I

/IXQJD HW DO 'RPDLQ DGDSWHG FRQYROXWLRQDO QHWZRUN\
FODVVLILFDWLRQ $ ODUJH VFDOH LQWHUDFWLYH OHDUQLQJ Z
$SSOLHG (DUWK 2EVHUYDWLRQV DQG 5HPRWH 6HQVLQJ

0D <HW DO )RUHFDVWLQJ YHJHWDWLRQ G\QDPLFV LQ DQ RS
GHHS OHDUQLQJ DQG HQYLURQPHQWDO YDULDEOHV ,QWHUQD!
DQG *HRLQIRUPDWLRQ

ODL *HW DO D 6\PEROLF DQG VXEV\PEROLF *HR$, *HRVSDWLE
VSDWLDOO\ H[SOLFLW PDFKLQH OHDUQLQJ 7UDQVDEFWLRQV LQ
ODL *HW DO E $ UHYLHZ RI ORFDWLRQ HQFRGLQJ IRU *HRS$, F
,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F
ODL *HW DO 2Q WKH RSSRUWXQLWLHYV DQG FKDOOHQJHV RI |
DUWLILFLDO D QW MOSUHSIQIFHW DU, LY

1HOVRQ 7 *RRGFKLOG 0 DQG :ULJKW ' $FFHOHUDW|
JHRJUDSKLF LQIRUPDWLRQ VFLHQFH 3URFHHGLQJV RI WKH 1D
H

2SHQVKDZ 6 DQG 2SHQVKDZ & $UWLILFLDO ,QWHOOLJH
6RQV ,QF

5DR -HW DO $ SULYDF\ SUHVHUYLQJ IUDPHZRUN IRU ORFDWL
GHFHQWUDOL]HG FROODERUDWLYH PDFKLQH OHDUQLQJ 7UDQ\
SHLFKVWHKH® MO 'HHS OHDUQLQJ DQG SURFHVV XQGHUVWDQ(
VA\VWHP VFLHQFH 1DWXUH

5LFKWHU . ) DQG 6FKHLGHU 6 &XUUHQW WRSLFV DQG F
,QWHOOLJHQ] b
6FKHHOH & <X 0 DQG +XDQJ 4 *HRJUDSKLF FRQWH]

VRFLDO PHGLD PHVVDJH FODVVLILFDWLRQ IRU VLWXDWLRQDO
WHPSRUDO IHDWXUHY ,QWHUQDWLRQDO -RXUQDO RI 'LJLWDO
6PLWK 7 5 $UWLILFLDO LQWHOOLJHQFH DQG LWV DSSOL
7KH SURIHVVLRQDO *HRJUDSKHU

6XPEXO HW DO %LIHDUWKQHW $ ODUJH VFDOH EHQFKPDUN I

LPDJH XQGHUYWDSBGEQJ (((  QWHUQDWLRQDO *HRVFLHQF#
6HQVLQJ 6|PSRYUXP b

7DGGHR 0 DQG )ORULGL / +RZ $, FDQ EH D IRUFH IRU J

)

9DQ :\QVEHUJKH $ 6XVWDLQDEOH DL $L IRU VXVWDLQDE
DQG (WKLFV =)

:DQJ - +X < DQG -RVHSK . IHXURWSU $ QHXUR QH\
H[WUDFWLQJ ORFDWLRQV IURP VRFLDO PHGLD PHVVDJHV 7UDC
:DQJ - DQG %LOMHFNL ) 8QVXSHUYLVHG PDFKLQH OHD

UHYLHZ RI DSSOLFDWLRQV &LWLHYV
:DQJ 6HW DO &\EHUJLV VRIWZDUH D VIQWKHWLF UHYLHZ DQ
, OQWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F



:DQJ 6 DQG /L : *HR$, LQ WHUUDLQ DQDO\WLV (QDEOLC
GDWD IXVLRQ IRU QDWXUDO IHDWXUH GHWHFWLRQ &RPSXWHU

"ULJKW ' - 7RZDUG D GLJLWDO UHVLOLHQFH (OHPHQWD

X 4 JHHPDS $ S\WKRQ SDFNDJH IRU LQWHUDFWLYH PDS

-RXUQDO RI 2SHQ 6RXUFH 6RIWZDUH

'LH <HW DO 6SDWLDO QHW $ VHOI DGDSWLYH DQG PRGHO D.

IRU VSDWLDOO\ KHW H UROBH@H R X\G ICONMIBRIHWKH UQDWLRQDO &R

$GYDQFHV LQ *HRJUDSKLF ,QIRUPDWLRQ 6|VWHPV

'LQJ - DQG 6LHEHU 5 7KH FKDOOHQJHV Rl LQWHJUDWL

LQWR JHRDL 7UDQVDFWLRQV LQ *,6 b

'LRQJ HW DO (DUWKQHWV (PSRZHULQJ DIDU) ¥ BWW & LREMA U

DU;LY

<DQ %W DO )URP LWGO WR SODFH YHF 5HDVRQLQJ DERXW ¢

UHODWHGQHVV E\ OHDUQLQJ HPEHGGLQJV | QRPRIFXHIPGLIW M GR N !
WK $&0 6,*63%$7,$/ ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDOQF!

61VWHP WP

=KDQJ KW DO $ QRYHO UHVLGXDO JUDSK FRQYROXWLRQ GHH

QHWZRUN EDVHG WUDIILF IRUHFDVWLQJ ,QWHUQDWLRQDO -RX

b

=KDR #W DO 'HHS IDNH JHRJUDSK\" ZKHQ JHRVSDWLDO GDW|

LQWHOOLJHQFH &DUWRJUDSK\ DQG *HRJUDSKLF ,QIRUPDWLRQ

=KHQJ KW DO *HROLIH $ FROODERUDWLYH VRFLDO QHWZRU?

DQG WUDMHFWRU\ ,((( 'DWD (QJ %XOO p
=KHQJ = DQG 6LHEHU 5 3XWWLQJ KXPDQV EDFN LQ WKt
FDQDGLDQ VPDUW FLWLHVY 7UDQVDFWLRQV LQ *,6 b

=KRX #W DO D 9LFWLPILQGHU +DUYHVWLQJ UHVFXH UHTXHV
VRFLDO PHGLD ZLWK EHUW &RPSXWHUV (QYLURQPHQW DQG 8
=KRX 5HW DO E 'HULYLQJ QHLJKERUKRRG OHYHO GLHW DQG
IURP DQRQ\PL]JHG PRELOH SKRQH ORFDWLRQ GDWD IRU HQKDQ
-RXUQDO RI +HDOWK *HRJUDSKLFV =

=KX 'HW DO 6SDWLDO LQWHUSRODWLRQ XVLQJ FRQGLWLRQD
QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIR!

*HR$, V 7KRXVDQG <HDU +LVWRU\

%XVKZLFN 6 7THFK WDONV WR DQLPDOV 3RUWDEOH VHQ!
KHOSLQJ UHVHDUFKHUV WR WDON EDFN WR QRQ KXPDQV 6FLH
&RXFOHOLV + D $UWLILFLDO QWHOOLJHQFH LQ JHRJUDS
FRPH 7KH 3URIHVVLRQDO *HRJUDSKHU

&RXFOHOLV + E $ WKHRUHWLFDO IUDPHZRUN IRU DOWHU
EHKDYLRU $QQDOV RI WKH $VVRFLDWLRQ RI $PHULFDQ *HRJUI
'XQVDQ\ / 7KH /IDVW 5HYROXWLRQ 7DORV 3UHVV HGLWLI

JUHHWKHW DO $ PRGHO RI WKH &RVPRV LQ WKH DQFLHQW *U}t
6FLHQWLILF 5GHSRUWYV b
IDQIJIWRQ KW DO $UWLILFLDO /LIH ,, $GGLVRQ :HVOH\ /RQJPE

OD\RU $ *RGV DQG 5RERWV 0\WKV ODFKLQHV DQG $QFI
3ULQFHWRQ 8QLYHUVLW\ 3UHVV

2SHQVKDZ 6 DQG 2SHQVKDZ & $UWLILFLDO ,QWHOOLJH
6RQV ,QF

6LPRQ + $ 7KH 6FLHQFHV Rl WKH $UWLILFLDO 5HLVVXH
 QWURGXFWLRQ E\ -RKQ /DLUG 0,7 3UHVV

6PLWK 7 5 $UWLILFLDO QWHOOLJHQFH DQG LWV DSSOLTI

7KH 3URIHVVLRQDO *HRJUDSKHU



3KLORVRSKLFDO )RXQGDWLRQV RI *HR$, ([SOR
DQG %LDV LQ *HR$, DQG 6SDWLDO 'DWD 6FLHQ]

$EKD\DUDWHM DO 7KH 5HVSRQVLEOH 8VH RI&6ESDWLDO 'DWD
%HQGHU HW DO 2Q WKH GDQJHUV RI VWRFKDVWLF SDUURWYV
ELJ'Q3URFHHGLQJV RIGWKMHRQIHUHQFH RQ )DLUQHVV $FFRXQWD
7UDQVSDUH@FI

%ROXNEDNW OO 0DQ LV WR FRPSXWHU SURJUDPPHU DV ZRPD
GHELDVLQJ ZRUG HPEHGGLQJV $GYDQFHV LQ 1HXUDO ,QIRUPD
%RPPDVDQHW5SDO 2Q WKH RSSRUWXQLWLHY DQG DUYNY RI IR
SUHSULQW DU;LY

&DYRXNLDQ $ 3ULYDF\ E\ '"HVLJQ &DQDGLDQ (OHFWURQI
Y)HQJ OHW DO 5HODWLYH VSDFH EDVHG JLV GDWD PRGHO WR
PRYLQJ REMHFWV ,6356 -RXUQDO RI 3KRWRJUDPPHWU\ DQG 5H
*RRGFKLOBWODO $ ZKLWH SDSHU RQ ORFDWLRQDO LQIRUPDW
$PHULFDQ $VVRFLDWLRQ Rl *HRJUDSKHUYV

*RRGFKLOG 0 ) DQG /L : 5HSOLFDWLRQ DFURVV VSDFH
VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 3URFHHGLQJV RI WK
H

*XSWD HW DO &KDVLQJ FDUERQ 7KH HOXVLYH HQYLURQPHQ\

,((( OLFUR b

+DJHQGRUII 7 7KH HWKLFV RI $, HWKLFV $Q HYDOXDWL]

b

+HQGOHMW-DO :HE VFLHQFH DQ LQWHUGLVFLSOLQDU\ DSSUF

&RPPXQLFDWLRQV Rl WKH $&0 b

+RJDQ BW DO .QRZOHGJH JUDSKV $&0 &RPSXWLQJ 6XUYH\V

+VX & < DQG /L : (ISODLQDEOH *HR$, FDQ VDOLHQF\ P]

LQWHOOLJHQFH V OHDUQLQJ SURFHVV" $Q HPSLULFDO VWXG\ F

-RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6FLHQFH b

-DQRZLF]JHW DO 7RZDUGV JHRJUDSKLF LQIRUPDVWERQ REVHUY

* BFLHQFH b

-DQRZLF]HW DO *HR$, 6SDWLDOO\ H[SOLFLW DUWLILFLDO LQ

JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG

-DQRZLF]JHW DO D .QRZ NQRZ ZKHUH NQRZZKHUHJUDSK $ GH

GRPDLQ NQRZOHGJH JUDSK DQG JHR HQULFKPHQW VHUYLFH VV

LQWHOOLJHQFH $, ODJD]LQH

-DQRZLF]JHW DO E 'LYHUVH GDWD GLYHUVH VFKHPDWD" 6HPD(

-DQRZLF] . 6LHEHU 5 DQG &UDPSWRQ - F *HRS$, FRX

$ FRQYHUVDWLRQ 'LDORJXHV LQ +XPDQ *HRJUDSK\ b

-DQRZLF]JHW DO :K\ WKH GDWD WUDLQ QHHGV VHPDQWLF UDL

-DQRZLF]JHW DO 'HELDVLQJ NQRZOHGJH JUDSKV :K\ IHPDOH ¢

IHPDOH SRSHE 3 ' ,0GXVWU| %OXH6NI

-DQRZLF]JHW DO G 6L[ JLVFLHQFH LGHDV WKDW PXVW GLH $*,,

-RQDV + 7KH ,PSHUDWLYH RI 5HVSRQVLELOLW\ ,Q 6HDU

$JH 8QLYHUVLW\ Rl &KLFDJR SUHVV

.HGURQH® DO 5HSURGXFLELOLW\ DQG UHSOLFDELOLW\ RSS!

JHRVSDWLDO UHVHDUFK ,QWHUQDWLRQDO -RXUQDO RI *HRJUL
o)

_.Hi{OHU & DQG OF.HQ]JLH * $ JHRSULYDF\ PDQLIHVWR 71

.RXQDGL 2 DQG /HLWQHU 0 ‘K\ GRHV JHRSULYDF\ PDWV

FRQILGHQWLDO GDWD SUHVHQWHG RQ PDSV -RXUQDO RI (PSLI

(WKLFV b

.UXPP - $ VXUYH\ RI FRPSXWDWLRQDO ORFDWLRQ SULYL
&RPSXWLQJ P
I +VX & < DQG +X O 7REOHU V )LUVW /DZ LQ *HR{

OHDUQLQJ PRGHO IRU WHUUDLQ IHDWXUH GHWHFWLRQ XQGHU
$VVRFLDWLRQ RI *HRJUDSKHUYV P



/L = (IWUDFWLQJ VSDWLDO HIIHFWV IURP PDFKLQH OHDL
PHWKRG $Q H[DPSOH RI VKDS DQG [JERRVW &RPSXWHUV (QY]I

/ILX 3 DQG %LOMHENL ) $ UHYLHZ RI VSDWLDOO\ H[SOLF
*HRJUDSK\ ,QWHUQDWLRQDO -RXUQDO RI $SSOLHG (DUWK 2EV

/JLX =HW DO *HRSDUVLQJ 6ROYHG RU ELDVHG" DQ HYDOXDWL
JHRSDUVLQJ $*,/( *,6FLHQFH 6HULHV

ODL *HW DO $ UHYLHZ Rl ORFDWLRQ HQFRGLQJ IRU *HRS$, Pt
,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F
OF.HQJLH HW DO 3ULY\WR $ SULYDF\ SUHVHUYLQJ ORFDWLRC
7UDQVDFWLRQV LQ *,6 b

OHKUDELHW DO $ VXUYH\ RQ ELDV DQG IDLUQHVV LQ PDFKLQ!
6XUYH\V &685 b

OHOODQGHW BO 1LJKW WLPH OLJKW GDWD $ JRRG SUR[\ PHE
30R6 2QH H

OLOOHU + - *HRJUDSKLF LQIRUPDWLRQ VFLHQFH L *HRJ
RSSRUWXQLVWLF JLVFLHQFH 3URJUHVV LQ +XPDQ *HRJUDSK\

ORRU - + :KDW LV FRPSXWHU HWKLFV" OHWDSKLORVRSK)\
ORRU - + 7RZDUGVY D WKHRU\ Rl SULYDF\ LQ WKH LQIRUP
DQG 6RFLHW\ b

1%VW HW DO 5HSURGXFLEOH UHVHDUFK DQG JLVFLHQFH DQ
FRQIHUHQFH SDSHUV 3HHU- H

2SHQVKDZ 6 7KH PRGLILDEOH DUHDO XQLW SUREOHP &l
*HRJUDSK\

2 6XOOLYDQ ' DQG 8QZLQ *HRJUDSKLF ,QIRUPDWLRQ
3DSDGDNLWW (DO ([SODLQDEOH DUWLILFLDO LQWHOOLJHQFH |
7UDQVDFWLRQV LQ *,6 b

3HSSRORQL 6 DQG 'L &DSXD * *HRHWKLFV HWKLFDO V

JHRVFLHQFHV $QQDOV RI *HRSK\VLFV

3KLOOLSHMW3DO )RXU SULQFLSOHV RI H[SOD L QIDEOUK BUWAXUFI

0DUIODQG

5RFKHU / +HQGULFN[ -0 DQG 'H ORQWMR\H < $ (VW

LGHQWLILFDWLRQV LQ LQFRPSOHWH GDWDVHWYV XVLQJ JHQHUI

b

6FKHLGHU 6 DQG .XKQ : +RZ WR WDON WR HDFK RWKHL

LQWHURSHUDELOLW)\ DV FRSOAHFIMA BRQ L RUVKIRWERGWXDO 6SDFF

*HRPHWULF .QRZOHGJH 5HSUHVHQWDWLRQ

6FKZDUWHW DO *UHHQ $, &RPPXQLFDWLRQV RI WKH $&0

6KDQNDW W DO 1R FODVVLILFDWLRQ ZLWKRXW UHSUHVHQWD'

LVVXHV LQ RSHQ GDWD VHWV IRU; WK 8 UGHYH QRS DQJLZRUO G

6WLQVRQ & $OJRULWKPV DUH QRW QHXWUDO %LDV LQ |
b

7KH ,((( *OREDO ,QLWLDWLYH RQ (WKLFV RI $XWRQRPRXV DQG

DOLJQHG GHVLJQ $ YLVLRQ IRU SULRULWL]LQJ KXPDQ ZHOO E

VIVWHPV ILUVW HGLWLRQ ,(((

9DQ :\QVEHUJKH $ 6XVWDLQDEOH $, $, IRU VXVWDLQDE
DQG (WKLFV b

'DQJ 6 6FKOREDFK 6 DQG .OHLQ © &RQFHSW GULIW
‘HE 6HPDQWLFV b

'LHGPDQQ AW DO 7KH PDWHULDO IRRWSULQW RI QDWLRQV
$FDGHP\ RI 6FLHQFHYV b

'LONLQVRQHW DO  7KH )$,5 *XLGLQJ 3ULQFLSOHV IRU VFLHQW
VWHZDUGVKLS 6FLHQWLILF 'DWD b

‘X & -HW DO 6XVWDLQDEOH $, (QYLURQPHQWDO LPSOLFDWL
RSSRUWXQLWLHV 3URFHHGLQJV RI ODFKLQH /HDUQLQJ DQG 6\
'LQJ - DQG 6LHEHU 5 7KH FKDOOHQJHV RI LQWHJUDWL
LQWR *HRS$, 7UDQVDFWLRQV LQ *,6 b



*HR$, OHWKRGRORJLFDO )RXQGDWLRQV 'HHS 1
.QRZOHGJH *UDSKYV

$0 IDMMDBEHW+D® $ QHZ LQWHJUDWHG DSSURDFK IRU ODQGVO
SUHGLFWLRQ EDVHG RQ JHQHUDWLYH DGYHUVDULDO QHWZRUN
$UMRYVN\ 0 &KLQWDOD 6 DQG %RWWRX / :DVVHUV\
,O,OWHUQDWLRQDO &RQIHUHQFH3®IG O0DPKLQH /HDUQLQJ
%DVKPD®W DO 6LDPHVH JDQ /HDUQLQJ LQYDULDQW UHSUHYV
LPDJH FDWHJRUL]DWLRQ 5HPRWH 6HQVLQJ

%DWWOH 5 DQG .RODV ' *HRVSDUTO HQDEOLQJ D JHR\
-RXUQDO b
%HQJLR < 6LPDUG 3 DQG )UDVFRQL 3 /HDUQLQJ OR

JUDGLHQW GHVFHQW LV GLIILFXOW ,((( 7TUDQVDFWLRQV RQ 1H
%HUUDJDW & O 7UDQVIRUPHU EDVHG QDPHG HQWLW\ UHFRJC(
HIWUDFWLRQ IURP XQVWUXFWXUHG WH[W ,QWHUQDWLRQDO -R
b

%LKOR $ $ JHQHUDWLYH DGYHUVDULDO QHWZRUN DSSUI
IHXUDO 1HWZRUNYV b
%LOMHFNL ) DQG ,WR . 6WUHHW YLHZ LPDJHU\ LQ XUEI

/IDQGVFDSH DQG SUEDQ 30DQQLQJ

&DL HW DO 7UDIILF WUDQVIRUPHU &DSWXULQJ WKH FRQWLC
IRU WUDIILF IRUHFDVWLQJ 7UDQVDFWLRQV LQ *,6 b
&KHQ HW DO ,QIRJDQ ,QWHUSUHWDEOH UHSUHVHQWDWLRQ
JHQHUDWLYH DGYHUVDULDO QHWV $GYDQFHV LQ 1HXUDO ,QIR
&KHQ KW DO 6VG JDQ OHDVXULQJ WKH UHDOQHVV LQ WXH V
SURFHHGLQBBRIGRIQHHUHQFH RQ $UWLNRKODO ,QWBOOLJHQFH
&KHQJ MW DO 5HPRWH VHQVLQJ LPDJH VFHQH FODVVLILFDWI
&KDOOHQJHV PHWKRGV EHQFKPDUNV DQG RSSRUWXQLWLHYV
$SSOLHG (DUWK 2EVHUYDWLRQV DQG 5HPRWH 6HQVLQJ ;
&KLDQJ #W DO 7UDLQLQJ GHHS OHDUQLQJ PRGHOV IRU JHR.
IURP KLVWRULFBWLPDSALVWRULFDO 0DSV LQ 6FLHQWLILF 6WXG
&KR .HW DO 2Q WKH SURSHUWLHV RI QHXUDO PDFKLQH WUD!
DSSURDPWHNY SUHSULQW DU;LY

&KXQJ HW DO (PSLULFDO HYDOXDWLRQ RI JDWHG UHFXUUHQ
PRGHORQILY SUHSULQW DU;LY

&OHPHQWLQL ( $ FRQFHSWXDO IUDPHZRUN IRU PRGHOOI
7HFKQRORJ\ DQG &RQWURO )

&RKQ $ * DQG +D]DULND 6 0 4XDOLWDWLYH VSDWLDO U
RYHUYLHZ )XQGDPHQWD LQIRUPDWLFDH p

'DL .HW DO OVWFJDQ OXOWL VFDOH WLPH FRQGLWLRQDO JH
ORQJ WHUP VDWHOOLWH LPDJH VHTXHQFH SUHGLFWLRQ ,((( 7
BHQVLQJ

'HQJ -HW DO ,PDJHQHW $ ODUJH VFDOH KLHUQUFK[{HDO LPD
&RQOIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWL
'XDQ :HW DO $XWRPDWLF DOLJQPHQW RI FRQWHPSRUDU\ YH
KLVWRULFDO PDSV XVLQJ UHLQIRUFHPHQW OHDUQLQJ ,QWHUC
6FLHQFH b

JHQJ < 7KLHPDQQ ) DQG BHVWHU 0 /HDUQLQJ FDUW
ZLWK GHHS FRQYROXWLRQDO QHXUDO QHWZRUNV ,6356 ,QWH!L

JULW]H8W DO $ JOREDO GDWDVHW Rl FURZGVRXUFHG ODQG F|

GDWD 6FLHQWLILF 'DWD b

*DQDSDWKL 6XEUDPDQLDQ 6 DQG &URZOH\ 0 8VLQJ VSI

EXLOG IRUHVW ZLOGILUH G\QDPLFV PRGHOV I[URP VDWHOOLWH

*DR +HW DO D 2EMHFW FODVVLILEDWLRQ XVLQJ FQQ EDVHG |

DXWRQRPRXV YHKLFOH HQYLURQPHQW ,((( 7TUDQVDFWLRQV RQ
b



*DR 6 *HRVSDWLDO $UWLILFLDO ,QWHOOLJHQFH *HRS,

*DR < -LDQJ DQG ;X < E 2SWLPL]JH WD[L GULYLQJ V
OHDUQLQJ ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRL
*HWLV $ 6SDWLDO ZHLJKWYV PDWULFHV *HRJUDSKLFDO ¢

*RQJ 6HW DO 6SDWLR WHPSRUDO WUDYHO YROXPH SUHGLFW
GLVFRYHU\ XVLQJ JUX JFQ DQG,BD\HWHFE Q@UREQE QR RYDHVER (
%LJ 'DWD $QDOI\WLRVY( ,&%'$
*RRGFKLOG 0 ) 7KH YDOLGLW\ DQG XVHIXOQHVV Rl ODZ\
DQG JHRJUDSK\ $QQDOV RI WKH $VVRFLDWLRQ RI $PHULFDQ *|
*RRGIHOORZ , %HQJLR < DQG &RXUYLOOH $ "HHS /1
*RRGIHOOR®W DO *HQHUDWLYH DGYQM# VIKDIKOUDRB®L 0 :HOOL
&RUWHYV 1 /DZUHQFH DQG . :HLQEHUJHU HGV $GYDQFHV LC
6\WWHPV &XUUDQ $VVRFLDWHV ,QF YRO
*XR '"HW DO 'HHSVVQ $ GHHS FRQYROXWLRQDO QHXUDO QH'
VLPLODULW\ 7UDQVDFWLRQV LQ *,6
+DPLOWRQ : <LQJ = DQG /HVNRYHF - L QGXFWLYH U
JUDSKV $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VV
+DUW * DQG 'ROEHDU & /LQNHG 'DWD $ *HRJUDSKLF 3t
+DZHONDHWo DO *HR ORFDWHG WZLWWHU DV SUR[\ IRU JORED
DQG *HRJUDSKLF ,QIRUPDWLRQ 6FLHQFH P
+H .HW DO ODVN U@BURFHHGLQJU(RIOMKHI QDWLRQDO &RQIH!
&RPSXWHU 9LVDPRQ
+H .HW DO 'HHS UHVLGXDO OHDUQLQJ, OBURMPHH & LQH FRR Q W\K
&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQIE 3DWWHUQ 5HFRJQLWL
+HOEHUHW® DO ,QWURGXFLQJ HXURVDW $ QRYHO GDWDVHW D
ODQG XVH DQG ODQG FRYPHB5E6DVVLILEPM LRYHUQDWLRQDO *F
DOG 5HPRWH 6HQVLQJ ,6(PSRWLXP
+RFKUHLWHU 6 DQG 6FKPLGKXEHU - /RQJ VKRUW WHUP
[
+RJDQ BW DO .QRZOHGJH JUDSKV $&0 &RPSXWLQJ 6XUYH\V
+X 6HW DO 8UEDQ IXQFWLRQ FODVVLILFDWLRQ DW URDG VH
GDWD $ JUDSK FRQYROXWLRQDO QHXUDO QHWZRUN DSSURDFF
6\WWHPV
+X ; HW DO *D]SQH $ JHQHUDO SODFH QDPH H[WUDFWRU IR
DQG SUHWUDLQHG WUDQVIRUPHU PRGHOV ,((( ,QWHUQHW RI 7
+X <HW DO $ JHR RQWRORJ\ GHVLJQ SDWWHUQ QRAH V8P B/Q R/«
&RQIHUHQFH RQ 6SDWLDO ,03RUPDWULRQ BKHRUI
+XDQJ HW DO 'HQVHO\ FRQQHFWHG FRQYFRURWHRGDQJYHRN 2%
((( @RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQ6 3DWWHUQ 5HFRJQ

-DQHOOH '"* DQG *RRGFKLOG 0) &RQFHSWV SULQFLSC

VSDWLDOO\ LQWHJUDWHG VRFLDO VFLHQFH 7KH 6%$*( +DQGERF

-DQRZLF] . 2EVHUYDWLRQ GULYHQ JHR RQWRORJ\ HQJLC
b

-DQRZLF]JHW DO *HR$, VSDWLDOO\ H[SOLFLW DUWLILFLDO LQ
JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG ,QWHUQDWL
6FLHQFH b

-DQRZLF]JHW DO .QRZ NQRZ ZKHUH NQRZZKHUHJUDSK $ GHQ
GRPDLQ NQRZOHGJH JUDSK DQG JHR HQULFKPHQW VHUYLFH VV
LQWHOOLJHQFH $, ODJD]LQH b

-DQRZLF]JHW DO 6HPDQWLF HQDEOHPHQW IRU VSDWLDO GDWLE
LQ *,6 b

-LDQJ : DQG /XR - *UDSK QHXUDO QHWZRUN IRU WUDIIL
6\WWHPV ZLWK $SSOLFDWLRQV

.DHOEOLQJ /3 /LWWPDQ 0O/ DQG ORRUH $ : 5HLQIR
-RXUQDO RI $UWLILFLDO ,QWHOOLJHQFH 5HVHDUFK b
.DQJ < *DR 6 DQG 5RWK 5 ( 7UDQVIHUULQJ PXOWLYV

DGYHUVDULDO QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI &DUW



.DQJ <HW DO $ UHYLHZ RI XUEDQ SK\VLFDO HQYLURQPHQW V
LPDJHU\ LQ SXEOLF KHDOWK VWXGLHV $QQDOV RI *,6

.LSI 71 DQG :HOOLQJ O 6HPL VXSHUYLVHG FODVVLILFD
QHWZRMNYY SUHSULQW DU,LY
.RFK 7 DQG 'XJXQGML ( $ UHYLHZ RI PHWKRGV WR PRG

ELF\FOLVWV LQYHUVH UHLQIRUFHPHQW OHDUQLQIURF NI$GMNLD
RI WK $&0 6,*63%$7,%/ ,QWHUQDWLRQDO :RUNVKRS RQ *HRG6SDV
_UL]JKHYVN\ $ 6XWVNHYHU , DQG +LQWRQ * ( ,PDJH(
FROQYROXWLRQDO QHXUDO QHWZRUNV &RPPXQLFDWLRQV RI W|
XKQ *HRVSDWLDO VHPDQWLFV , @KR XRIQDIODR/Q DIMEDK R
LLL 6SULQJHU b
JH&XQ < %HQJLR < DQG +LQWRQ * '"HHS OHDUQLQJ
/JH&XQ KW DO *UDGLHQW EDVHG OHDUQLQJ DSSOLHG WR GRF
RI WKH , ((( P
/L .HW DO 2EMHFW GHWHFWLRQ LQ RSWLFDO UHPRWH VHQV
EHQFKPDUN ,6356 -RXUQDO RI 3KRWRJUDPPHWU\ DQG 5HPRWH
/L OHW DO D 3UHGLFWLRQ RI KXPDQ DFWLYLW\ LQWHQVLW\ X
VRFLDO VSDFHV WKURXJK JUDSK FRQYROXWLRQDO QHWZRUNYV
,QIRUPDWLRQ 6FLHQFH b
/L 6HW DO E *URXSIRUPHU *URXS DFWLYLW\ UHFRJQLWLRQ Z
WUDQVIRQBRMHRFHHGLQJU(REWKBWHUQDWLRQDO &RQIHUHQFH R(
b

L *HR$, :KHUH PDFKLQH OHDUQLQJ DQG ELJ GDWD FR
6SDWLDO ,QIRUPDWLRQ 6FLHQFH

/L : +VX & < DQG +X 0 F 7REOHUVILUVW ODZ LQ JH
OHDUQLQJ PRGHO IRU WHUUDLQ IHDWXUH GHWHFWLRQ XQGHU
$VVRFLDWLRQ RI *HRJUDSKHUYV b

/L : HW DO *HRLPDJHQHW D PXOWL VRXUFH QDWXUDO IHDW.
DQG VXSHUYLVHG PDFKLQH OHDUQLQJ *HR,QIRUPDWLFD b

/L <HW DO 'LIIXVLRQ FRQYROXWLRQDO UHFXUUHQW QHXUDO
IRUHFDWWLIQW SUHSULQW DU;LY

/L <HW DO $Q DLUFUDIW GHWHFWLRQ IUDPHZRUN EDVHG RQ
FRQYROXWLRQDO QHXUDO QHWZRUNV LQ UHPRWH VHQVLQJ LP
/L < DQG ORXUD - 0 JRUHFDVWHU $ JUDSK WUDQVIRUP
GHSHQGHQW GDWWHSULQW DU;LY

/LDQJ KW DO 5HJLRQ YHF FRPPXQLW\ GHWHFWLRQ RQ VSDW
HPEHGGLQJ ZLWK QRGH DWWULEXW@BW R REHGS DWWIRD WEW H U D F
,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV LGP *HRJUDSKLF ,
/LDQJ KW DO 8UEDQIP ,QIHUULQJ ILQH 3D REHEH CLUEDYRKIOW
$&0 6,*."" ,QWHUQDWLRQDO &RQIHUHQFH RQ .QRZOHG®»H 'LVFRY
/LQ 'HW DO ODUWD JDQV 8QVXSHUYLVHG UHSUHVHQWDWLRC
LPDJH FODVVLILFDWLRQ ,((( *HRVFLHQFH DQG 5HPRWH 6HQVLC(
/ILX 4HW DO 3UHGLFWLQJ WKH QH[W ORFDWLRQ $ UHFXUUHQ
FROWHQWKLUWLHWK $$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOC
/LX < 'LQJ - DQG /L < 'HYHORSLQJ NQRZOHGJH JUD
FRPSXWODQURFHHGLQJVW B®8XKH,*63%7,$/ ,QWHUQDWLRQDO :RUN
.QRZOHGJH *UDPSKV

IXR <HW DO OXOWLYDULDWH WLPH VHULHV LPSXWDWLRQ ZLV
$GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\WVWHPYV
ODL *HW DO D 6\PEROLF DQG VXEV\PEROLF *HR$, *HRVSDWLE
VSDWLDOO\ H[SOLFLW PDFKLQH OHDUQLQJ 7UDQVDFWLRQV LQ
ODL *HW DO E $ UHYLHZ RI ORFDWLRQ HQFRGLQJ IRU JHRDL
,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F
ODL *HW DO O0XOWL VFDOH UHSUHVHQWDWLRQ OHDUQLQJ IRL
JULG FOO@OWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5HSUHVH
ODL *HW DO 5HOD[LQJ XQDQVZHUDEOH JHRJUDSKLF TXHVWLF
NQRZOHGJH JUDSK HPEWGBR®S PRGIH® 7THFKQRORJLHV IRU /RFC
'"HYHORSPHQW 3URFHHGLQJV Rl WKH QG $*,/( &RQIHUHQFH R



6SULQJHU b
0D\ BHWUHW DO ODUF D UREXVW PHWKRG IRU PXOWLSOH DV
YLD VSDFH WLPH DQG VHPDQWLF HPEHGGLQJV ,QWHUQDWLR:
6FLHQFH b
OHKUDELWHW DO $ VXUYH\ RQ ELDV DQG IDLUQHVYV LQ PDFKLQH
6 XUYH\V P

OLOOHU ( $Q LQWURGXFWLRQ WR WKH UHVRXUFH GHVFU
OLU]JD 0 DQG 2VLQGHUR 6 &RQGLWLRQDO; I ¥ GHGIBW L Pk
DU;LY

0QLK ®W DO $V\QFKURQRXV PHWKRGV IRU GHH® UHLQIRUFHI

,OWHUQDWLRQDO &RQIHUHQFHB®IG® ODFWKLQH /HDUQLQJ

0QLK ®W DO +XPDQ OHYHO FRQWURO WKURXJK GHHS UHLQIF

b

2RQR . DQG 6X]XNL 7 *UDSK QHXUDO QHWZRUNV H[SRQ

QRGH FODVVDULED\SURIGULQW DU;LY

2X\DQJ HW DO $ QRQ SDUDPHWULF JHQHUDWLYH PRGHO IRU

YRO b

2X\DQJ MW DO 7UDLQLQJ ODQJXDJH PRGHOV WR IROORZ LQV

DU;LY SUHSULQW DU;LY

3DWWHUVRQ - DQG *LEVRQ $ '"HHS /HDUQLQJ $ 3UDFWL

,QF

3XWHUPDQ 0 / ODUNRY GHFLVLRQ SURFHVVHV +DQGERR

ODQDJHPHQW 6FLHQFH b

5DGIRUG $ OHW] / DQG &KLQWDOD 6 8QVXSHUYLVH

FRQYROXWLRQDO JHQHUDWLPH ;DB SRS IOMO DQAH IWYZ R U N V

5DR -HW DO D /670 7UDM*$1 $ 'HHS /HDUQLQJ $SSURDFK WR °

SURWHE@/LIRR ,OWHUQDWLRQDO &RQIHUHQFH RQ *HRJUDSKLF ¢

6FKORVV 'DJVWXKOP/HLEQL] =HQWUXPIXU ,QIRUPDWLN Y

5DR -HW DO OHDVXULQJ QHWZRUN UHVLOLHQFH YLD JHRVSD)

VWXG\ RI WKH 86 PXOWL FRP RIRSERFHHBRD QR ERKN, *633$7,$/

,OWHUQDWLRQDO :RUNVKRS RQ *HRVSPWLDO .QRZOHGJH *UDS.

5DR - *DR 6 DQG =KX ; E 9WVY $ SULYDF\ SUHVHUY

DQG YLVXDOL]DWLRQ SODWIRUP XVLQDSGHRSHHB L Q URMHR H &/ & W

6,*63%$7,%$/ ,QWHUQDWLRQDO :RUNVKRS RQ $, IRU *HRBUDSKLF .

5RQQHEHUJHU 2 )LVFKHU 3 DQG %UR[ 7 8 QHW &R

ELRPHGLFDO LPDJH VOOHPGHFWDWPRQH &RPSXWLQJ DQG &RPSXW

,OWHUYHQWLRQPO,&&S$, WK ,QWHUQDWLRQDO &RQIHUHQF

SURFHHGLQJV 8BUWQJHU b

5XL ;HW DO 'LVDVWHUJDQ *HQHUDWLYH DGYHUVDULDO QHW

LPDJH JHQHUDWLRQ 5HPRWH 6HQVLQJ

5%4WWJIHUM/ ®O0 3UHGLFWLRQ RI D W\SKRRQ WUDFN XVLQJ D .

DQG VDWHOOLWH LPDJHV B6FLHQWLILF 5HSRUWYV b

6FKXOPD®W DO 7UXVW UHJLRQ SROQFRVRBWQP W]IDRMURD &R Q | H

ODFKLQH /HDB®IEQJ b

6FKXOPD®W DO 3UR[LPDO SROLF\ RSWLBUJDW ISR/ DIDLIRW L W K

DU;LY

6KELWDHWo DO % XLOGLQJ OLQNHG VSDWLR WHPSRUDO GDWD
(XURSHDQ 6HPDQWLF :HE6&8BDQKHHHQ F Hp

6LOYHWW DO ODVWHULQJ WKH JDPH Rl JR ZLWK GHHS QHXUD

QDWXUH b

6ULNDQWK * 1XNDYDUDSX 1 DQG 'XUEKD 6 '"HHS UH

LOQWHUGHSHQGHQW KHDOWKFDUH FULWLFDO LQIUDVWUXFWXUF
VFHQDULR D FDVH VWXGQ RI O(PH@WRURQIMNLRQDO *HRVFLHOQ!

6HQVLQJ 6\PSRVLXP ,({$566 b

6]HIHG\ BW DO *RLQJ GHHSHU ZL W,KQFRRNROVOLRQRI WK H

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ D®G 3DWWHUQ 5HFRJQLWL

7DQJ :HW DO /HDUQLQJ GLVHQWDQJOHG XVHU UHSUHVHQWD

IXVLRQ RQ VRFLDO QHWZRUNV ,QIRUPDWLRQ )XVLRQ b



7TREOHU : 5 $ FRPSXWHU PRYLH VLPXODWLQJ XUEDQ JUR
*HRJUDSK\ VXS p

TRXWRXK - &RQGLWLRQDO JHQHUDWLYH DGYHUVDULDO
SROOXQ@aRIUW &LWLHV 7KLUG ,EHUR $PHULFDQ &RQJUHVV ,b&!¢
5LFD 1RYHPEHU S5HYLVHG 66B8QHRWHG 3D6EHUV

9DVZDQLHW DO $WWHQWLRQ LV DOO \RX QHHG $GYDQFHV LQ

6\WWHPV

9HOLFNRW BO *UDSK DWWHQWLUR Q YQSWZRUNMV DU;LY

:DQJ +HW DO /HDUQLQJ JUDSK UHSUHVHQWDWLRQ ZLWK JHQ

7UDQVDFWLRQV RQ .QRZOHGJH DQG 'DWD (QJLQHHULQJ

':DQJ 3HW DO ,QFUHPHQWDO PRELOH XVHU SURILOLQJ 5HLQ

NQRZOHGJH JUDSK IRU PRGHQEQR AHHGEIVW MWWVRIHER WG, *. '’

L OWHUQDWLRQDO &RQIHUHQFH RQ .QRZOHGPH 'LVFRYHU| 'DW

':DQJ 6HW DO 6WD JDQ $ VSDWLR WHPSRUDO DWWHQWLRQ J

PLVVLQJ YDOXH LPSXWDWLRQ LQ VDWHOOLWH GDWD 5HPRWH

'DWNLQV & - DQG 'D\DQ 3 4 OHDUQLQJ ODFKLQH /HDUQ

'LONLQVRQHW DO 7KH IDLU JXLGLQJ SULQFLSOHV IRU VFLHQ\

VWHZDUGVKLS 6FLHQWLILF 'DWD b

X $1 DQG %LOMHFNL ) *DQPDSSHU JHRJUDSKLFDO G

-RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6FLHQFH b

X = HW DO $ FRPSUHKHQVLYH VXUYH\ RQ JUDSK QHXUDO QF

1HXUDO 1HWZRUNV DQG /HDUQLQJ 6\WWHPV b

LD S5HW DO 6XSHUYLVHG KDVKLQJ IRU LPDJH UHWULHYDO YL

,O7ZHQW\ (LJKWK $$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJ

X 0 HW DO 6SDWLDO WHPSRUDO WUDQVIRUPHU QHWZRYNYV |

SUHSULQW DU;LY

<DQ %W DO [QHW VF &ODVVLI\LQJ SODFHV EDVHG RQ LPDJ|

FRQWHQWWK ,QWHUQDWLRQDO &RQIHUHQFH RQ *HRJUDSKLF ,Q
,QIRUPDWLN

<DQ %W DO $ VSDWLDOO\ H[SOLFLW UHLQIRUFHPHQW OHDUC

NQRZOHGJH JUDSK VXPPDUL]DWLRQ 7UDQVDFWLRQV LQ *,6

<DQJ %W DO 6W OEDJDQ 6SDWLR WHPSRUDO OHDUQDEOH E|

DGYHUVDULDO QHWZRUNV IRU PLVVLQJ WUDIILF GDWD LPSXWD

<RRQ - -RUGRQ - DQG 6FKDDU 0 *DLQ OLVVLQJ GD!
DGYHUVDUL® Q WHHWN}DWLRQDO &RQIHUHQFH3®IG ODFKLQH /HDUQ
<X <HW DO $ UHYLHZ RI UHFXUUHQW QHXUDO QHWZRUNV /V
DUFKLWHFWXUHV 1HXUDO &RPSXWDWLRQ b

=KDQJ MW DO B6W\OHVZLQ 7UDQVIRUPHU EDVHG JDQ IRU KLJ
JHQHUDWRBRFHHGLQJUREWKFRQIHUHQFH RQ &RPSXWHU 9LVLR
5HFRJQLWLRO

=KDQJ AW DO D OHDVXULQJ KXPDQ SHUFHSWLRQV RI D ODUJH
PDFKLQH OHDUQLQJ /DQGVFDSH DQG 8UEDQ 30DQQLQJ |
=KDQJ HW DO E 6SDWLDOPWHPSRUDO UHFXUUHQW QHXUDO Q
,((( TUDQVDFWLRQV RQ &\ EHUQHWLFV b

=KDQJ < DQG &KHQJ 7 *UDSK GHHS OHDUQLQJ PRGHO |
KRWVSRW PDSSLQJ RI VSDUVH VSDWLR WHPSRUDO HYHQWYV &F
6\WWHPV

=KDR #W DO 'HHS IDNH JHRJUDSK\" ZKHQ JHRVSDWLDO GDW|
LQWHOOLJHQFH &DUWRJUDSK\ DQG *HRJUDSKLF ,QIRUPDWLRQ
=KDR HW DO 7 JFQ $ WHPSRUDO JUDSK FRQYROXWLRQDO QF
,((( 7TUDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VW
=KRX #W DO 30DFHV $ PLOOLRQ LPDJH GDWDEDVH IRU VF
7UDQVDFWLRQV RQ 3DWWHUQ $QDO\VLV DQG ODFKLQH ,QWHOO
=KRX #®#W DO /HDUQLQJ GHHS IHDWXUHV IRU VFHQH UHFRJQL
$GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPYV
=KRX HW DO ,PSURYLQJ KXPDQ PRELOLW\ LGHQWLILFDWLRQ
*HR,QIRUPDWLFD b



=KRX HW DO *UDSK QHXUDO QHWZRUNV $ UHYLHZ RI PHWKR
b
=KX $ HW DO 6SDWLDO SUHGLFWLRQ EDVHG RQ WKLUG ODZ
b
=KX 'HW DO D 6SDWLDO LQWHUSRODWLRQ XVLQJ FRQGLWLRQ
QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIR!
=KX 'HW DO E 8QGHUVWDQGLQJ SODFH FKDUDFWHULVWLFV L
JUDSK FRQYROXWLRQDO QHXUDO QHWZRUNV $QQDOV RI WKH
b
=KX - #W DO D 8QSDLUHG LPDJH WR LPDJH WUDQVODWLRQ X
DGYHUVDULD QO3 HRRZIRRIBING J U (RIOMKH QDWLRQDO &RQIHUHQFH
b

=KX 5HW DO D 3URYLGLQJ KXPDQLWDULDQ UHOLHI VXOSRUW

SURFHHGLQJWRI WRIOHGIJH &DSWXUHRRQIHUHQFH

=KX 5HW DO D 5HDVRQLQJ RYHU KLJKHU RUGHU TXDOLWDWLY

H[SOLFLW QHXUDO QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI *
[

=KX 5HW DO E &RYLG IRUHFDVW JUDSK $Q RSHQ NQRZOHGJH
IRUHFDVWVY DQG HFRQRPLF LQGLFDWRUV YLD SODFH DQG WL

=KX 5HW DO E (QYLURQPHQWDO REVHUYDWLRQNODQY2EQRZOHG

=KX ; ;HW DO E 'HHS OHDUQLQJ LQ UHPRWH VHQVLQJ $ FRPS

UHVRXUFHV ,((( *HRVFLHQFH DQG 5HPRWH 6HQVLQJ 0DJD]JLQH

*HR$, IRU 6SDWLDO ,PDJH 3URFHVVLQJ

$EKDU .HW DO 6SDWLDOPWHPSRUDO HYROXWLRQ RI DHROLD

*HRPRUSKRORJ\ b

$FRVWD - DQG &KHUULHU % 7KH WUDQVIRUPDWLRQ RI

JRYHUQRUV RI WKH IHGHUDO UHVHUYH V\VWHP GXULQJ WKH

7KRXJKW b

$0 OLVWDUMIWKLD® 8VLQJ PDFKLQH OHDUQLQJ PRGHOV WR IRU

FUDVKHV E\ U VWXGLR DQG DUFJLV )URQWLHUV LQ %XLOW (QY

$PDWR HW DO $ QRYHO IUDPHZRUN IRU VSDWLR WHPSRUDO S

XVLQJ GHHS OHDUQLQJ 6FLHQWLILF 5HSRUWYV

$UXQGHO 67 /L : DQG :DQJ 6 *HRQDW Y $ GDWLE

PDSSLQJ ZLWK DUWLILFLDO LQWHOOLJHQFH DQG VXSHUYLVHG
b

$UXQGHO 67 ORUJDQ 73 DQG 7KLHP 3 7 '"HHS OHD!

RI VSRW HOHYDWLRQV RQ KLVWRULFDO WRSRJUDSKLF PDSV )l

%DUQHV 7 - 30DFLQJ LGHDV JHQLXV ORFL KHWHURWRS

UHYROXWLRQ 3URJUHVV LQ +XPDQ *HRJUDSK\ b

%HKQNH 6 +LHUDUFKLFDO 1HXUDO 1HWZRUNV IRU ,PDJH

%HQRVHW DO ODFKLQH OHDUQLQJ LQ DJULFXOWXUH $ FRPSI

6HQVRUYV

%KDWWLHW $O0 *HRPHWULF DOJHEUD DSSOLFDWLRQV LQ JHR"

UHPRWH VHQVLQJ LPDJH SURFHVVLQJ ,((( $FFHVV b
%KDYVDWWEDO ODFKLQH OHDUQLQJ LQ W U D Q\0S' R W\ DVDLORIQ VB!
IRU ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\WWHPV (OVHYLHU ;
%LFNHO 97 ODQGUDNH / DQG 'RUDQ * $ ODEHOHG |
GULYHQ URFNIDOO GHWHFWLRQ RQ WKH PRRQ DQG PDUV )URQ
%LHOHFNL $ ORGHOV RI 1HXURQV DQG 3HUFHSWURQV 6
6SULQJIHU

%ODVFKNH 7 2EMHFW EDVHG LPDJH DQDO\VLV IRU UHPR

SKRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ [



%U\DQW 5 * DQG %DGGRFN 0 & 5SHPRWH VHQVLQJ RI DH
ORGXOH LQ (DUWK 6\WWHPV DQG (QYLURQPHQWDO 6FLHQFHYV
%XUQHWW & DQG %ODVFKNH 7 $ PXOWL VFDOH VHJIPHQ
PHWKRGRORJ\ IRU ODQGVFDSH DQDO\VLV (FRORJLFDO ORGHO(
&DPSRV 7DEHURWW® 8QGHUVWDQGLQJ GHHS OHDUQLQJ LQ C
EDVHG RQ VHQWLQHO WLPH VHULHV 6FLHQWLILF 5HSRUWV
&KHQJ .6 /LQ -6 DQG ODR & : 7KH DSSOLFDWLRQ F
QHWZRUN WR PHGLFDO LPDJH VHIJPHQWDWLRQ ,((( 7TUDQVDFW|
[5)

&KLVROP ( *HRPHDNWILFY SQUHHSEULD W DU; LY

&KXUFK 0 7KH WUDMHFWRU\ Rl JHRPRUSKRORJ\ 3URJUH
[5)

&UDFNQHOO $ 6\QHUJ\ LQ UHPRWH VHQVLQJ ZKDW V LQ
[

&UHVVZHOO 7 6SDWLDO VFLHQFH DQG WKH TXDQWLWDW

&ULWLFDO ,QWURGXFWLRQ

'DUDQDJDPD 6 DQG :LWD\DQJNXUQ $ $XWRPDWLF EXLO

DQG DWWULEXWH H[WUDFWLRQ IURP KLJK UHVROXWLRQ LPDJH
,QIRUPDWLRQ

'"HEFEKWHU 5 /HDUQLQJ ZKLOH VHDUFKLQJ LQGFREIVYWUDLQ
3URFHHGLQJV b

'RQJ *HW DO 5HDO WLPH KLJK SHUIRUPDQFH VHPDQWLF LPD
VWUHHW VFHQHV ,((( 7TUDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQ

'"RVRYLWV MW 3O $Q LPDJH LV ZRUWK [ ZRUGV 7UDQVIRUP
UHFRIJQLWLRRQUDMWY \SRDHOBHUL QW DU LY

'RXDUG - 5HYLHZ S5HYLHZHG ZRUNV 7UXVW LQ QXPEHU\
VFLHQFH DQG SXEOLF OLIH E\ WKHRGRUH P SRUWHU TXDQWL]
E\M URVVHU PDWKHZV 3ROLW /LIH 6FL b

'XDQ :HW DO $XWRPDWLF DOLJQPHQW RI FRQWHPSRUDU\ YH
KLVWRULFDO PDSV XVLQJ UHLQIRUFHPHQW OHDUQLQJ ,QWHUC
6FLHQFH b

"\UPDQQ MWW DO 3L[HO ZLVH FODVVLILFDWLRQ RI ZHHGV DQG
IXOO\ FRQYROXWLR Q D@8 QRIKHIID®L Q AGWRR WKW LR QDO &RQIHUHC
$JULFXOWXUDO (QJLQHHULQJP$DUKXV 'HQPDUN
(OOHQVRMW DO $Q DSSOLFDWLRQ RI D PDFKLQH OHDUQLQJ D
GHVFULEH HUURU SDWWHUQV ZLWKLQ ZDYH PRGHO RXWSXW &
(VFDOHUD ' )JUDLOH -XUDGR 3 DQ®BMXDBDRQ@RR WKH ,PSI
ODQDJHPHQW RQ WKH &RDVW RI +XHOYD 8VLQJ 5HSHDW 3KRWR

b

JHL]L]IDGHKWD O $ FRPSDULVRQ RI WKH LQWHJUDWHG IX]]\ R
DSSURDFK DQG WKUHH PDFKLQH OHDUQLQJ WHFKQLTXHV IRU C
HQYLURQPHQWDO LPSDFWV DVVHVVPHQW * 6FLHQFH 5HPRWH
)«xUHW HW DO (VWLPDWLQJ OHDI PDVV SHU DUHD DQG HTXLY
RQ OHDI RSWLFDO SURSHUWLHY 3RWHQWLDO DQG OLPLWDWLF
SHPRWH 6HQVLQJ RI (QYLURQPHQW

JHUQDQGHV 6 'XVHMD ' DQG OXWKDODJX 5 $SSOLFI
WHFKQLTXHV IRU DXWRQRPRXV FDUV 3URFHHGLQJV RI (QJLQH
JLVKHU & W DO 8VH RI FRQYROXWLRQDO QHXUDO QHWZRUNV
VHIPHQWDWLRQ DFURVV GLITHUHQW FRPSXWLQJ VI\VWHPV

)X .6 DQG OXL - $ VXUYH\ RQ LPDJH VHIPHQWDWLRQ ¢
b

*DIJQH ,, HW DO , QWHUSUHWDEOH GHHS OHDUQLQJ IRU VSDYV
KDLOVWRUPV ORQWKO\ :HDWKHU 5HYLHZ p

*LEVRQ 3W DO 7UDLQLQJ PDFKLQH OHDUQLQJ PRGHOV RQ F
VNLOOIXO LQWHUSUHWDEOH VHDVRQDO SUHFLSLWDWLRQ IRUH

*RQ]DOHV ,QF® RO *HRVSDWLDO DUWLILFLDO LQWHOOLJHQFI
K\GURORJLFDO DQG IOXYLDO VI\VWHPVY PRGHOLQJ 5HYLHZ RI F



*RRGFKLOG 0 ) 5HLPDJLQLQJ WKH KLVWRU\ RI JLV $QQTC

*RRGFKLOG 0 ) DQG /L : 5HSOLFDWLRQ DFURVV VSDFH

VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 3URFHHGLQJV RI WK
H

*RRGIHOORZ , %HQJLR < DQG &RXUYLOOH $ "HHS /}

*UDII / + DQG 8VHU\ (/ $XWRPDWHG FODVVLILFDWLRQ

HOHYDWLRQ PRGHOV 3KRWRJUDPPHWULF (QJLQHHULQJ DQG 5!

*XVWDIVVRQ . °“NWHP 2 DQG %RPDQ ( - 7KH UROH R

WRPRJUDSK\

+DPPRQG ( + 6PDOO VFDOH FRQWLQHQWDO ODQGIRUP P

$PHULFDQ *HRJUDSKHUV =

+DWWHUVOH\ 6PLWK * 7KH VAPSRVLXP RQ JODFLHU PDSS

6FLHQFHYV b

+D\ * - DQG &DVWLOOD * *HRJUDSKLF REMHFW EDVHG L

QDPH IRU D QHZ ZAWHEBRO%RQWHG ,PDJH $QDOIVLYV 6SDWLDO &R
"ULYHQ 5HPRWH 6HQVLQJP$SSOLFDWLRQV

+HEE ' 2 7KH 2UJDQL]DWLRQ RI %HKDYLRU $ 1HXURSV\F
SUHVYV

+HUQEQGHYW(DO 5DLQIDOO SUHGLFWLRQ $ GOHE OHD $QWQJL
,QWHOOLJHQW B6\WWHPV 6SULQJIHU b

+RIIPDQQ & 6XSHUSRVLWLRQV /XGZLJ PDFK DQG «WLHQ
VWUHDPOLQH SKRWRJUDSK\ 6WXGLHV LQ +LVWRU\ DQG 3KLOR
+RQDYDU 9 6\PEROLF DUWLILFLDO LQWHOOLJHQFH DQG

WRZDUGV D UHVROXWLRR RS WKW IRRKXIRAW RPKKLWHFWXUHYV ,QW
6|lPEROLF BURFHVVHYV $ BHUVSHFWLYHPRQ WKH 6WDWH RI WKH

+RSILHOG - - IHXUDO QHWZRUNV DQG SK\VLFDO V\VWHP
FRPSXWDWLRQDO DELOLWLHY 3URFHHGLQJV RI WKH 1DWLRQD
+RZHOO 6 % +DQGERRN RI FFG $VWURQRP\ YRO &DPE
+VX & < DQG /L : ([SODLQDEOH JHRDL FDQ VDOLHQF\ F
LQWHOOLJHQFH V OHDUQLQJ SURFHVV" DQ HPSLULFDO VWXG\ |
-RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6FLHQFH p

+VX & < I DQG :DQJ 6 .QRZOHGJH GULYHQ JHRDL
LQWR PXOWL VFDOH GHHS OHDUQLQJ IRU PDUV FUDWHU GHWH|
+XJKHV ' IDWXUDO 9LVLRQV 3KRWRJUDSK\ DQG (FRORJ

3K' 'H ORQWIRUW 8QLYHUVLW\
-DQRZLF]JHW DO .QRZ NQRZ ZKHUH NQRZZKHUHJUDSK $ GHGQ
GRPDLQ NQRZOHGJH JUDSK DQG JHR HQULFKPHQW VHUYLFH VV
LQWHOOLJHQFH $, ODJD]JLQH b
HWWLJ 5/ DQG /DQGJUHEH &ODVVLILFDWLRQ RI PXO
DQG FODVVLILFDWLRQ RI KRPRJHQHRXV REMHFWYV ,((( 7UDQVD
[5)
.KDQ $$ /DJKDUL $$ DQG $ZDQ 6 $ ODFKLQH OHDU
UHYLHZ ($, (QGRUVHG 7UDQVDFWLRQV RQ 6FDODEOH ,QIRUPD)
.LUVFK 5 $ 6HDF DQG WKH VWDUW RI LPDJH SURFHVVLQ.
,((( $QQDOV RI WKH +LVWRU\ Rl &RPSXWLQJ P
.LUVFK 5 $ 3UHFLVLRQ DQG DFFXUDF\ LQ VFLHQWLILF LF
1IDWLRQDO ,QVWLWXWH RI 6WDQGDUGY DQG 7THFKQRORJ\
.LUVFK %W DO ([SHULPHQWV LQ SURFHVVLQJ SLFWRULDO LQ
FRPSXWMHUIDSHUV DQG 'LVFXVVLRQV 3UHVHQWHG DW WKH 'HFH
&RPSXWHU &RQIHUHQFH &RPSXWHUV AWK 'HDGOLQHV WR OHF
.RF 0 DQG $FDU $ ,QYHVWLJDWLRQ RI XUEDQ FOLPDWH
XVLQJ PDFKLQH OHDUQLQJ SUEDQ &OLPDWH
.RKQ &) 7KH V $ GHFDGH Rl SURJUHVV LQ JHRJUDSH
$QQDOV Rl WKH $VVRFLDWLRQ RI $PHULFDQ *HRJUDSKHUYV
LUL]JKHYVN\ $ 6XWVNHYHU , DQG +LQWRQ * ( JPDJH(
FRQYROXWLRQDO QOIURPHAKBWEZRWRBHGI6RRN 1< 86% b



. XFKDUF]\NHW DO *HRJUDSKLF REMHFW EDVHG LPDJH DQDO\V

GLUHFWLRQV 5HPRWH 6HQVLQJ

. XUWKHW DO ([DVFDOH GHHS OHDUQLQJ, 08 F O IOVDAHD D ¥ B!

&RQIHUHQFH IRU +LJK 3HUIRUPDQFH &RPSXWLQJ 1HWZRUNLQJ
b

/IHH 5 6 $UWLILFLDO ,QWHOOLJHQFH LQ 'DLO\ /LIH 6SUL
/L *HRDL :KHUH PDFKLQH OHDUQLQJ DQG ELJ GDWD FF
6SDWLDO ,QIRUPDWLRQ 6FLHQFH

/L *HRDL LQ VRFLDO VFLHQFH +DQGERRN RI 6SDWLDO

b

/L : DQG $UXQGHO 6 7 *HRDL DQG WK I@ LX\& XUKH QRN L\BID
* BFLHQFH 6SULQJHU b

/L : DQG +VX & < $XWRPDWHG WHUUDLQ IHDWXUH LGHGC
LPDJHU\ D GHHS OHDUQLQJ DSSURDFK ,QWHUQDWLRQDO -RXLU

[5)

/L : DQG +VX & < *HRDL IRU ODUJH VFDOH LPDJH DQDO
SURJUHVV RI DUWLILFLDO LQWHOOLJHQFH LQ JHRJUDSK\ ,635¢

/L +VX & < DQG +X 0 D 7REOHU V ILUVW ODZ LQ JH
OHDUQLQJ PRGHO IRU WHUUDLQ IHDWXUH GHWHFWLRQ XQGHU
$VVRFLDWLRQ RI *HRJUDSKHUYV P

/L : HW DO D 5HDO WLPH JHRDL IRU KLJK UHVROXWLRQ PDSS
SHUPDIURVW IHDWXUHV WKH FDVY@38REHAH ZIHEIMAKSRIIKHR Q V
6,*63%7,%$/ :RUNVKRS RQ $, IRU *HRJUDSKLF .QRZOHGJH 'LVFRY,
/IL : HW DO E *HRLPDJHQHW D PXOWL VRXUFH QDWXUDO IHD\
DQG VXSHUYLVHG PDFKLQH OHDUQLQJ *HR,QIRUPDWLFD b

/L : HW DO *HRIJUDSKYLVY D NQRZOHGJH JUDSK DQG JHRYLV)
F\EHULQIUDVWUXFWXUH WR VXSSRUW GLVDVWHU UHVSRQVH D¢
-RXUQDO RI *HR ,QIRUPDWLRQ

/IL : HW DO F 3HUIRUPDQFH EHQFKPDUN RQ VHPDQWLF ZHE Ul
H[SOLFLW NQRZOHGJH JUDSK DSSOLFDWLRQV &RPSXWHUV (Q

/L : HW DO 5HFRJQL]LQJ WHUUDLQ IHDWXUHV RQ WHUUHVWU
PRGHO $Q H[DPSOH ZLWK @E3UIRFHH GL-OW VRN BRIDH/ KRS RQ $UWL.
,OWHOOLJHQFH DQG 'HHS /HDUQLQJ IRU *HRIJBDSKLF .QRZOHG.
/L ; HW DO E 9HKLFOH GHWHFWLRQ LQ YHU\ KLJK UHVROXWLR
DQ DQFKRU IUHH GHWHFWLRQ PRGHO ZLWK D PRUH SUHFLVH IF
*HR ,QIRUPDWLRQ

/LQ 7 W DO )RFDO ORVV IRU GHQV,HRERFHIHG ICHHMI(HEN R B
,OWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ

/ILX 7THW DO 6XSHUSL[HO EDVHG VKDOORZ FRQYROXWLRQDO ¢
VFDQQHG WRSRJUDSKLF PDS VHIJPHQWDWLRQ 5HPRWH 6HQVLC
/OR\G &HW DO 8VLQJ JLV DQG PDFKLQH OHDUQLQJ WR FODV\
EXLOGLQJV LQ ORZ DQG PLGGOH LQFRPH VHWWLQJV 5HPRWH |

/IXQGEHUJ * % AXDQWLWDWLYH PHWKRGY LQ VRFLRORIJ\
b
ODFND\ &' &KDUJH FRXSOHG GHYLFHVY LQ DVWURQRP\ $
$VWURSK\VLFV p
ODJQXVRQ - - /IRQJ WHUP HFRORJLFDO UHVHDUFK DQG W
[5)

ODKDGHYNDWW BO $ UHYLHZ RQ PDFKLQH OHDUQLQJ VW\OHYV
WHFKQLTXHV DQG IXWXUH GLUHFWLRQV ,((( $FEHVV
OF&DUWKMW DO $ SURSRVDO IRU WKH GDUWPRXWK VXPPHU U
LQWHOOLJHQFH DXJXVW $, ODJD]LQH b
OF&XOORFK : 6 DQG 3LWWV : $ ORJLFDO FDOFXOXV RI
DFWLYLW\ 7KH %XOOHWLQ RI ODWKHPDWLFDO %LRSK\VLFV
OF)DUODQH 0 ° 'LJLWDO SLFWXUHV ILIW\ \HDUV DJR 3UR
p



OHQJZDOO 6 DQG *X]HZLFK 6 ' &ORXG LGHQWLILFDWLR
GHHS OHDUQLQJ ,FDUXV
OLOOHUHW $0 3URJUHVV LQ VRLO JHRJUDSK\ L 5HLQYLJRUD

*HRJUDSK\ (DUWK DQG (QYLURQPHQW b
OLOQRU - 3LFWXUH WUDQVPLVVLRQ E\ VXEPDULQH FDEO
,QVWLWXWH Rl (OHFWULFDO (QJLQHHUYV b

OLQDVQ\ % DQG OF%UDWQH\ $ % 'LJLWDO VRLO PDSSLQ
*HRGHUPD b

OLQVN\ 0 DQG 3DSHUW 6 $ BHUFHSWURQV $Q ,QWURG X
7KH 0,7 3UHVV

ORRU - 7KH GDUWPRXWK FROOHJH DUWLILFLDO LQWHOO
ODJD]LQH b

OXO\RQRH®W DO ,GHQWLI\LQJ VXJDUFDQH SODQWDWLRQ XVLQ

YHEFWRU PDBOKRGHRMRQIHUHQFH 6HULHYV (DUWK DQG (QYLURQPH

YRO

1DJKLEL 6 $ 3RXUJKDVHPL +5 DQG 'L[RQ % *LV ED\

PDSSLQJ XVLQJ ERRVWHG UHJUHVVLRQ WUHH FODVVLILFDWLR

PDFKLQH OHDUQLQJ PRGHOV LQ LUDQ (QYLURQPHQWDO ORQLYV

1LU ' DQG 1LU 7KH ETXDQWLWDWLYH UHYROXWLRQ4

5HJLRQ DV D 6RFLR HQYLURQPHQWDO 6\VWHP $Q ,OQWURGXFWI
[5)

20D]DUDQ © $ VRFLRORJLFDO VWXG\ RI WKH RIILFLDO K

6RFLDO 6WXGLHV RI 6FLHQFH b

3DO 15 DQG 3DO 6 . $ UHYLHZ RQ LPDJH VHIJPHQWDWL

5SHFRJQLWLRQ b

4XLUNH 9 DQG *DXGLOOL2UH - 3 7KH HUD RI ELRPHGLFI

KHDOWK LQ EULWDLQ DQG IUDQFH DIWHU WKH VHFRQG ZRUOG

5DKPDWLHW DO 6SDWLDO PRGHOLQJ RI VQRZ DYDODQFKH XVI

DQG JHR HQYLURQPHQWDO IDFWRUV &RPSDULVRQ RI HIITHFWL)

BHQVLQJ

5SHGPRQ - DQG )DUKDGL $ <RORY $QDURQEY HRHGEWDQ UL

DU;LY

SHLFKVWHKH® MO 'HHS OHDUQLQJ DQG SURFHVV XQGHUVWDQ(

VA\VWHP VFLHQFH 1DWXUH

5HQ 64HW DO )DVWHU U FQQ 7RZDUGV UHDO WLPH REMHFW G

QHWZRUNV $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ ¢

5RJHUV *) O0DOGH + ( DQG 7THURXMH\RJTDSK| RI 5HSHDW 3KF

(YDOXDWLQJ /DQGVFDSH &KDQJH

5ROQLFWMW DO 7DFNOLQJ FOLPDWH FKDQJH ZLWK PDFKLQH O

6XUYH\V &685 b

5RPDQV / ( ,QWURGXFWLRQ WR &RPSXWHG 7RPRJUDSK\

5RQQHEHUJHU 2 )LVFKHU 3 DQG %UR[ 7 8 QHW &R

ELRPHGLFDO LPDJH VOOVHGHFWDWPRQH &RPSXWLQJ DQG &RPSXW

,OWHUYHQWLRQPO,&&S$, WK ,QWHUQDWLRQDO &RQIHUHQF

SURFHHGLQJV 3®3UALQJIHU b

5RVHQEODWW ) 7KH SHUFHSWURQ D SUREDELOLVWLF P

RUJDQL]DWLRQ LQ WKH EUDLQ 3V\FKRORJLFDO 5HYLHZ

5RXVH -HW DO ORQLWRULQJ YHJHWDWLRQ V\VWHPV LQ WKH

6SHF 3XEO

5XJJOHV 6 DQG ODJQXVRQ '/ 7KH KLVWRU\ RI TXDQWLI
FDVH VWXG\ -RXUQDO RI ,QWHUGLVFLSOLQDU\ +LVWRU\
5XPHOKDUW ' ( +LQWRQ *( DQG :LOOLDPV 5 - /HDU
SURSDJDWLQJ HUURUV 1DWXUH b

6DULNDQ 6 6 DQG 2]ED\RJOX $ 0 $QRPDO\ GHWHFWLRQ
SURFHVVLQJ DQG PDFKLQH OHDUQLQJ 3URFHGLD &RPSXWHU 6
6DVND + $QQD DWNLQV 3KRWRJUDSKV RI EULWLVK DOJI

S$UWV b



6H[WRQ 1 - DQG /RYH % & 5HDVVHVVLQJ KLHUDUFKLFD
DQG GHHS QHWZRUNV WKURXJK GLUHFW LQWHUIDFH 6FLHQFH
6KLUIDGHWS$ DO 6KDOORZ ODQGVOLGH VXVFHSWLELOLW\ PDSSES
6RQJ HW DO 9LVLRQ EDVHG YHKLFOH GHWHFWLRQ DQG FRX(
LQ KLJKZD\ VFHQHV (XURSHDQ 7UDQVSRUW 5HVHDUFK 5HYLHZ
6RQJ HW DO 6SDWLRWHPSRUDO GDWD UHSUHVHQWDWLRQ D
VSDWLDO DQDO\VLV LQ D F\AEHULQIUDVWUXFWXUH HQYLURQPH(

&RPSXWHUV *HRVFLHQFHV b

6WDUUV 3 ) %ULQFN MDFNVRQ LQ WKH UHDOP RI WKH H)
b

BWHJIQHU : %H\RQG WKH +XQGUHGWK OHULGLDQ -RKQ :I

2SHQLQJ RI WKH :HVW 3HQJXLQ
6WRNHVH® DO )RUPDWLRQ RI PHJD VFDOH JODFLDO OLQHDWI
VWUHDP EHG VL]JH VKDSH DQG VSDFLQJ IURP D ODUJH UHPR
6FLHQFH 5HYLHZV b

7DOXNGDHW @O /DQG XVH ODQG FRYHU FODVVLILFDWLRQ E\ F
VDWHOOLWH REVHUYDWLRQVRD UHYLHZ S5HPRWH 6HQVLQJ

7DUUDQ % DQG *KDKUDPDQL = +RZ PDFKLQHYV OHDUQH ¢
b

7X . /HW DO 6HOHFWLRQ IRU KLJK TXDOLW\ SHSSHU VHHGV

-RXUQDO RI ,QWHJUDWLYH $JULFXOWXUH p

7XFNHU & OLOOHU [/ DQG 3HDUVRQ 5 OHDVXUHPHQV

ELRPDVV FKORURSK\OO DQG OHDI ZDWHU RQ FDQRS\ VSHFWU
5HPRWH 6HQVLQJ RI (DUWK 5HVRXUFHYV

9RJHO HW DO $ GHOSKL VWXG\ WR EXLOG FRQVHQVXV RQ WK
LQ REHVLW\ UHVHDUFK ,QWHUQDWLRQDO -RXUQDO RI 2EHVLW!
'DQJ 6 DQG /L : *HRDL LQ WHUUDLQ DQDO\VLV (QDEOL
GDWD IXVLRQ IRU QDWXUDO IHDWXUH GHWHFWLRQ &RPSXWHU

'HQJ 4HW DO /DQG XVH VFHQH FODVVLILFDWLRQ EDVHG RQ |
H[WUHPH OHDUQLQJ PDFKLQH ,QWHUQDWLRQDO -RXUQDO RI 5
‘KHHOHU - 2 XUEDQ JHRJUDSK\ LQ WKH V 8UEDQ *HR.
'KLWH 5H% DO OHDVXUHPHQW RI YHJHWDWLRQ FKDQJH LQ Fl
HDVWHUQ VKRUHV RI ODNH PLFKLJDQ IURP W R ZLWK RE!
&RDVWDO 5HVHDUFK b

"RUER\V 0) 5SHODWLRQDO GDWDEDVHV DQG EH\RQG *HR

b

X + HW DO 5XQRII PRGHOLQJ LQ XQJDXJHG FDWFKPHQWYV X\
DOJRULWKP EDVHG PRGHO SDUDPHWHUV UHJLRQDOL]DWLRQ P}
<DPDVKLWHW DO &RQYROXWLRQDO QHXUDO QHWZRUNV DQ R

UDGLRORJ\ ,QVLJKWV LQWR ,PDJLQJ b

<X =HW DO *HRPHWULF DOJHEUD PRGHO IRU JHRPHWU\ RULF
FRPSXWDWLRQ 7UDQVDFWLRQV LQ *,6 b

<XDQ HW DO *HRPHWULF DOJHEUD PHWKRG IRU PXOWLGLPHZC
FRPSXWDWLRQ &KLQHVH 6FLHQFH %XOOHWLQ b

<XDQ / <X = DQG /IXR : 7RZDUGY WKH QH[W JHQHUD
DSSURDFK $QQDOV RI *,6 b

=KRQJ / +X /| DQG =KRX + '"HHS OHDUQLQJ EDVHG P.
5SHPRWH 6HQVLQJ RI (QYLURQPHQW b

=KRX 3 DQG &KDQJ < $XWRPDWHG FODVVLILFDWLRQ RI

HQYLURQPHQW LGHQWLILFDWLRQ XVLQJ PDFKLQH OHDUQLQJ -



6SDWLDO 5HSUHVHQWDWLRQ /HDUQLQJ LQ *HR:

$FXQD MW DO  (IILFLHQW LQWHUDFWLYH DQQRWDWLRQ RI VH.

511 ,Q3URFHHGLOQJY(RERMAHUHQFH RQ &RPSXWHU 9LVLRQ DQC
b

$ODKLH® DO 6RFLDO OVWP +XPDQ WUDMHFWRU\,QUHGLFWLF

BURFHHGLQJUREPMKHUHQFH RQ #935

$\XVK HW DO *HRJUDSK\ DZDUH VHOI| VXQMHURANHGLQH B RQ LD

(((  OWHUQDWLRQDO &RQIHUHQFH RI® &RPSXWHU 9LVLRQ

%HQJLR < &RXUYLOOH $ DQG 9LQFHQW 3 S5HSUHVH!

SHUVSHFWLYHV ,((( 7TUDQVDFWLRQV RQ 3DWWHUQ $QDO\VLV D
[

%HUJ HW DO  %LUGVQDS /DUJH VFDOH ILQH JUDLQH,@® YLVXDZC

&935 b

%URQVWHLRWOD® *HRPHWULF GHHS OHDUQLQJ JRLQJ EH\RQ

6LJQDO 3URFHVVLQJ ODJD]JLQH b

%URZQHW DO /DQJXDJH PRGHOV DUH IHZ VKRW OHDHWQHUV 1

&DL HW DO 7UDIILF WUDQVIRUPHU &DSWXULQJ WKH FRQWLC

IRU WUDIILF IRUHFDVWLQJ 7UDQVDFWLRQV LQ *,6 b

&DVWUHMR®D DIO $QQRWDWLQJ REMHFW LQVWDQBHWWREZHWELD B

&935 b

&KDPL HW DO ODFKLQH OHDUQLQJ RQ JUDSKV $ PRGHO DQG

-RXUQDO RI ODFKLQH /HDUQLQJ 5HVHDUFK b

&KHQ HW DO 5HDGLQJ ZLNLSHGLD WR DQVZHOD BRSNS GBGREDLQ

DU;LY

&KHQ < /LX 6 DQG :DQJ ; /HDUQLQJ FRQWLQXRXV L

LPSOLFLW LPDJPBUVRFFWMIGRQJI (REWKHR QIHUHQFH RQ &RPSXWHL

3SDWWHUQ 5HFRIJ@LWLROQ

&KX *HW DO *HR DZDUH QHWZRUNV IRU ILQPBUBBHEBGOUNFRI

((( , OWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ :RUN

&RQJ #W DO 6DWPDH 3UH WUDLQLQJ WUDQVIRUPHUV IRU W

VDWHOOLW, 6B¥DHUFHY LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ

'DV 5HW DO 0XOWL VWHS UHWULHYHU UHDGHU LQWHUDFWLR

DQVZHUDQQWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5HSUHV

'H$QJIHOLV '/ DQG <XUHN 6 6SDWLDOO\ H[SOLFLW PRG
(FRVA\VWHPYV =)
'"RVRYLWVMW 3O $Q LPDJH LV ZRUWK [ ZRUGV 7UDQVIRUP

UHFRJQLWLR,Q@ DOWWRIMDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5H

'XSRQWHW DO &RLQ &RPSUHVVLRQ ZLWK LPSOLUFUMW YQSIXHDO

DU;LY

*DR 5HW DO /HDUQLQJ JULG FHOOV DV YHFWRU UHSUHVHQW

PDWUL[ UHSUHVHQWDWQRQRRHMBOQ PR WL R&Y 5

*LUVKLFN 5 ) DY WRE HHIGYL. Q J ¥ (RIQWMHH QDWLRQDO &RQIHU}

&RPSXWHU 9LVDPRQ

*RRGFKLOG 0 ,VVXHV LQ VSDWLDOO\ H[SOLFLW PRGHOL(

DQG /DQG &RYHU &KDQJH b

*RRGFKLOG 0 ) DQG /L : 5HSOLFDWLRQ DFURVV VSDFH

VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 31$6

*RRGIHOOR®W DO *HQHUDWLYH DGYHUVDULDO QHWZRUNV &R
b

*XR 0 +HW DO $WWHQWLRQ PHFKDQLVPV LQ FRPSXWHU YLVL

9LVXDO OHGLD b

*XSWD HW DO 6SDWLDO YDULDELOLW\ DZDUH GHHS QHXUDO ¢

DSSURDFK $&0 7UDQVDFWLRQV RQ ,QWHOOLJHQW 6\WWHPV DQ

+D ' DQG (FN $ QHXUDO UHSUHVH Qg POW HRQQDMLNRIQW E
&RQIHUHQFH RQ /HDUQLQJ 5HSUHVHQWDWLRQV
+DPLOWRQ :/ <LQJ 5 DQG /HVNRYHF - 5HSUHVHQW

OHWKRGV DQG DOYPIOLFDBWHBQYQW DU,;LY



+DP]JHL ( 7RPNR 0 DQG :LQWHU 6 7UDQVODWLQJ SO
JHRVSDUTO TBHREHWWGLQHE R HEKERQIHUHQFH b

+DZ ' -HW DO B6WURQJ VSDWLDO HPEHGGLQJ RI VRFLDO QHW
HSLGHPLF G\QDPLFV LQGHSHQGHQW RI GHJUHH GLVWULEXWLR
1IDWLRQDO $FDGHP\ Rl 6FLHQFHV b

+H .HW DO ODVNHG DXWRHQFRGHUV DUH YFDLORFHMEG NQ YV RRJ
((( &9) &RQIHUHQFH RQ &935

+H <HW DO 6SDWLDO WHPSRUDO VXSHU UHVROXWLRQ RI VD\
VIQWKHVLVY $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ
+RIIDUWW- DO <DJR $ VSDWLDOO\ DQG WHPSRUDOO\ HQKDQ
ZLNLSHGLD $UWLILFLDO ,QWHOOLJHQFH b

+ROWHW DO  $JJUHJDWLRQ DQG HFRORJLFDO HIIHFWV LQ JHF
*HRJUDSKLFDO $QDO\VLV b

+RUQHU 0 : DQG OXUUD\ $ 7 (IFHVV FRPPXWLQJ DQG W}
SUREOHP B8UEDQ 6WXGLHV b

+X <HW DO OHWDGDWD WRSLF KDUPRQL]DWLRQ DQG VHPDQV
JHRSRUWDOV $ FDVH VWXG\ XVLQJ DUFJLV RQOLQH 7UDQVDF!
-DQRZLF]JHW DO *HRDL VSDWLDOO\ H[SOLFLW DUWLILFLDO L¢
JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG

-DQRZLF]JHW DO .QRZ NQRZ ZKHUH NQRZZKHUHJUDSK $ GHQ
GRPDLQ NQRZOHGJH JUDSK DQG JHR HQULFKPHQW VHUYLFH VV
LQWHOOLJHQFH $, ODJD]LQH b

-HDQ HW DO 7LOH YHF 8QVXSHUYLVHG UHSUHVHQWDWLRQ ¢
GDWO3URFHHGLOBBRIGRIOHHUHQFH RQ $UWLNRODO ,QWBOOLJH
-LDQJ W DO D ''6/ 'HHS GLIIHUHQWLDEOH VLPSOH[ OD\HU IR
L,Q3URFHHGLOQJY(REWKBWHUQDWLRQDO &RQIHUHQFH IRQ &RPSX
-LDQJ &HW DO E &RQYROXWLRQDO QHXUDO QHWZRUNV RQ QF
XVLQJ HXFOLGHDQ VSHFWQDONVWUDRQWIRRIPDWERQIHUHQFH RQ /
5HSUHVHQWDWLRQV

.DUSXNKLRW9DO 'HQVH SDVVDJH UHWULHYDO IRU RSHQOGRPD
BURFHHGLQJV REARQKHUHQFH RQ (PSLULFDO OHWKRGV LQ 1DWX!
(01/3 b

.HQWRQ -'0:& DQG 7RXWDQRYD /. %HUW 3UH WUDL
WUDQVIRUPHUV IRU ODQJX@IHRXEBEBUYWDRG LD/ +/7

.LQJPD '3 DQG :HOOLQJ O $XWR HQB R ALYQS UWHDSILIDQWL R (
DU;LY

.XKQ :HW DO 7KH VHPDQWLFV RI SODFH UHODWHG TXHVWLR
,QIRUPDWLRQ BFLHQFH b

/L *HRDL :KHUH PDFKLQH OHDUQLQJ DQG ELJ GDWD FF
6SDWLDO QIRUPDWLRQ 6FLHQFH

T +VX & < DQG +X O 7REOHUVILUVW ODZ LQ JHR
OHDUQLQJ PRGHO IRU WHUUDLQ IHDWXUH GHWHFWLRQ XQGHU
$VVRFLDWLRQ RI *HRJUDSKHUYV P

/L <HW DO D 'LIIXVLRQ FRQYROXWLRQDO UHFXUUHQW QHXUD
IRUHFDY@/ QW HUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5HSUHYV
/L <HW DO E 3RLQW&11 &RQYROXWLRQ RQ [ WUDQVIRUPHG S
,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV

/L <HW DO F 'HHS OHDUQLQJ IRU UHPRWH VHQVLQJ LPDJH FO
,QWHUGLVFLSOLQDU\ 5HYLHZV 'DWD 0LQLQJ DQG .QRZOHGJH '
/LDQJ HW DO 3RO\WUDQVIRUP 'HHS SRO\JRQ WUDQVIRWPHU
BURFHHGLQJH/(R&WKERQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3L

[

ODF $RGKD 2 &ROH ( DQG 3HURQD 3 3UHVHQFH RQC
JUDLQHG LPDJH FOEBVARAHFBW QR (RIQMKH QDWLRQDO &RQIHUH
9LVLRQ b

ODL *HW DO D 7RZDUGV D IRXQGDWLRQ PRGHO IRU JHRVSDWIL
SDSHW3URFHHGLQJWKI ,WKWH UQDWLRQDO &RQIHUHQFH RQ $GY!
,QIRUPDWLRQ 6BVWHPV



ODL *HW DO E 6\PEROLF DQG VXEV\PEROLF JHRDL *HRVSDWL

VSDWLDOO\ H[SOLFLW PDFKLQH OHDUQLQJ 7UDQVDFWLRQV LQ

ODL *HW DO D 6H NJH $ ORFDWLRQ DZDUH NQRZOHGJH JUDS}

JHRJUDSKLF TXHVWLRQ DQVZHULQJ DQG VSDWLDO VHPDQWLF
b

ODL *HW DO F $ UHYLHZ RI ORFDWLRQ HQFRGLQJ IRU JHRDL

,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F

ODL *HW DO E OXOWL VFDOH UHSUHVHQWDWLRQ OHDUQLQJ IF

JULG FHOKN (LQKWK ,QWHUQDWLRQDO &RQIHUHQFRISRIQUHNUBZ

ODL *HW DO *HRJUDSKLF TXHVWLRQ DQVZHULQJ FKDOOHQJF

DQG IXWXUH GLUHFWLRQV $*,/( *,6FLHQFH 6HULHV b

ODL *HW DO G 7RZDUGVY JHQHUDO SXUSRVH UHSUHVHQWDWLR

JHRPHWULHV *HR,QIRUPDWLFD b

ODL *HW DO H 6SKHUH YHF OXOWL VFDOH UHSUHVHQWDWLRQ

IRU JHRVSDWLD @ ($;U W GLUFMSIRIQDW D U; LY

ODL *HW DO 5HOD[LQJ XQDQVZHUDEOH JHRJUDSKLF TXHVWLF

NQRZOHGJH JUDSK HPEB&GA(QJ PRSHDQJHU b

0DQDV HW DO 6HDVRQDO FRQWUDVW 8QVXSHUYLVHG SUH W

VHQVLQJ, GDURFHHGLQJA(REWKBWHUQDWLRQDO &RQIHUHQFH R
b

ODWXUDQD ' DQG 6FKHUHU 6 9R[QHW $ G FRQYROXWL

REMHFW UHFRIQLWLB®- ,526, ((( b

OLNRORWW/ DO 'LVWULEXWHG UHSUHVHQWDWLRQV RI ZRUGV

FRPSRVLWLRQDOLW\ $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3UR

OLOGHQKDBMOD® 1HUI 5HSUHVHQWLQJ VFHQHV DV QHXUDO U

VIQWKHVLVY &RPPXQLFDWLRQV RI WKH $&0 b

OXVOHK 0 ORNEHO 0) DQG $EEDU 6 , Q3IHRVF N F\GILHDDIV R

WKHVK $&0 6,*63%7,%/

ILFNHOHW DO $ UHYLHZ RI UHODWLRQDO PDFKLQH OHDUQLQ.

BURFHHGLQJV RI WKH , ((( b

1LHPH\HU 0 DQG *HLJHU $ *LUDIIH 5HSUHVHQWLQJ VF}

QHXUDO IHDWQ@MUHR AHHDGENO J U (RE W KR QIHUHQFH RQ &RPSXWHU

3SDWWHUQ 5HFRIQBWLROQ

3HQQLQJWRQ - 6RFKHU 5 DQG 0DQQLQJ & *ORYH

UHSUHVHQ@B\RERBGLQJV RERQKHUHQFH RQ (PSLULFDO OHWKRC

/DQIJXDJH 3URFHVVLQJ @ 01/3

4L & 5HW DO D 3RLQWQHW 'HHS OHDUQLQJ RQ SRLQW VHWV I

VHIPHQWIDSURGBHHGLOJN (REMAHUHQFH RQ &RPSXWHU 9LVLRQ

5HFRJQLWLRQ

4L & 5HW DO E 3RLQWQHW 'HHS KLHUDUFKLFDO IHDWXUH O]

VSDFH $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VW

4L <HW DO $ K\EULG PRGHO IRU VSDWLRWHPSRUDO IRUHFDV

FRQYROXWLRQDO QHXUDO QHWZRUN DQG ORQJ VKRUW WHUP P
[

5DKLPL $ DQG S5HFKW % 5DQGRP IHDWXUHV IRU ODUJH

1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\WWHPV

5DR -HW DO /670 7UDM*$1 $ GHHS OHDUQLQJ DSSURDFK WR

SURWHFWLRQ ,Q *,6FbHQFH

5XPHOKDUW ' ( +LQWRQ *( DQG :LOOLDPV 5 - /HDU

SURSDJDWLQJ HUURUV 1DWXUH b

6FKXVWHU 0 DQG 3DOLZDO . . %LGLUHFWLRQDO UHFXU

7UDQVDFWLRQV RQ 6LJQDO 3URFHVVLQJ b

6RQL $ DQG %RGGKX 6 J)LQGLQJ PDS IHDWXUH FRUUHV:

JHRVSDWLDO, GOMBPYWHWENQJIVVWRIBBMKHE, *63%$7,$/ ,QWHUQDWLRQDO

*HRVSDWLDO .QRZOH®JH *UDSKV

6X +HW DO OXOWL YLHZ FRQYROXWLRQDO QHXUDO ,@HWZRUL

L &&9 b



6XWVNHYHU , 9LQ\DOV 2 DQG /H 49 BHTXHQFH WR
QHWZRUNV $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ ¢
7DQFLNH® DO )RXULHU IHDWXUHV OHW QHWZRUNV OHDUQ Kl
GLPHQVLRQDO GRPDLQV $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ
7DQJ HW DO ,PSURYLQJ LPDJH FODVVLILFDWQRREHW & LARIF/D
WKH(( ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 9LVLRQ
7HQ]HU HW DO OHWD OHDUQLQJ RYHU WLPH IRU,@HVWLQDWL]
SURFHHGLQJWHKI , WHWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHYV
6IVWHP WP

7HUU\ - &' B5R\ + ( DQG $XIXVW 7 $ 7KLQNLQJ OLNF
FRPSXWHU YLVLRQ RI FLWL]HQ VFLHQFH LPDJHV E\ KDUQHVVLC
DQG (YROXWLRQ b

7TREOHU : 5 $ FRPSXWHU PRYLH VLPXODWLQJ XUEDQ JUR
*HRJUDSK\ VXS =)
7ULVHG\D % ' 4L - DQG =KDQJ 5 (QWLW\N DOLJQPHQ

XVLQJ DWWULEXWH HPEHGGLQJV ,Q 3URFHHGLQJV RI WKH $$4

YRO b

9DVZDQLHW DO $WWHQWLRQ LV DOO \RX QHHG $GYDQFHV LQ

6\WWHPV

9HHU 59 %ORHP 3 DQG )ROPHU ( '"HHS OHDUQLQUJ |

JHRVSDWLDO YHFWRUYSKONBRQQW DU;LY

'DQJ /HW DO D *UDSK DWWHQWLRQ FRQYROXWLRQ IRU,®RLQ\

SURFHHGLQJUREWKERQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3C
[5)

':DQJ 4HW DO .QRZOHGJH JUDSK HPEHGGLQJ $ VXUYH\ RI DS

DSSOLFDWLRQV ,((( 7TUDQVDFWLRQV RQ .QRZOHGJH DQG 'DWD
':DQJ <HW DO E '\QDPLF JUDSK &11 IRU OHDUQLQJ RQ SRLQW

RQ *UDSKLFV WRJ b

X : 4L = DQG )X[LQ [/ 3RLQWFRQY 'HHS FRQYROXW

FORX®SURFHHGLQJUREWKIRQIHUHQFH RQ &RPSXWHU 9LVLRQ

5HFRJQLWLRQ

X = HW DO $ FRPSUHKHQVLYH VXUYH\ RQ JUDSK QHXUDO Qt

1HXUDO 1HWZRUNV DQG /HDUQLQJ 6\WWHPV

'LH <HW DO $ VWDWLVWLFDOO\ JXLGHG GHHS QHWZRUN WUD

IUDPHZRUN IRU GDWD ZLWK MBDW,YPO, @AWW H QR NM.EPLDO\ &R QI H U

0LOLOQJ ,&'d(( b

<DQ %W DO )URP LWGO WR SODFH YHF 5HDVRQLQJ DERXW ¢

UHODWHGQHVV E\ OHDUQLQJ HPEHGGLQJV | QRERIFXHIPGLIW M R N !
WK $&0 6,%63%7,$/ ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDOQF!

61VWHP WP

<DQ ;HW DO *UDSK FRQYROXWLRQDO DXWRHQFRGHU PRGHO

FRIJQLWLRQ RI EXLOGLQJV LQ PDSV ,QWHUQDWLRQDO -RXUQD¢

[

<DQ ;HW DO $ JUDSK FRQYROXWLRQDO QHXUDO QHWZRUN IR

XVLQJ VSDWLDO YHFWRU GDWD ,6356 -RXUQDO RI 3KRWRJUDP
b

<DQJ HW DO ,PSOLFLW WUDQVIRUPHU QHWZRUN IRU VFUHHQ

UHVROXWLRQ $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQ

<DQJ HW DO '\QDPLF POS IRU ILQH JUDLQHG LPDJH FODVVLI]

JHRJUDSKLFDO DQG WHP,®BURPHHE RQPHDRERGEFRQIHUHQFH RQ

&RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ

<LQ #W DO *SV YHF 7RZDUGV JHQHUDWLQJ ZRUDGZLGH JSV

SURFHHGLQJW/KI 9K H6,*63$7,%8/ ,QWHUQDWLRQDO &RQIHUHQFH

*HRIJUDSKLF ,QIRUPDWLRQ 6|VWHPV

<X : DQG &KHQ < J)LOOLQJ JDSV RI FDUWRJUDSKLF SRO
PRGHO ,-*,6 P
=KDQJ . ,PSOLFLW QHXUDO UHSUHVHQWDWLRQ OHDUQLC

UHVRORWIUIRQSUHSULQW DU,LY



=KRQJ (HW DO S5HFRQVWUXFWLQJ FRQWLQXRXV GLVWULEXW

FU\R HP LP,IJEXS

=KX B5HW DO 5HDVRQLQJ RYHU KLJKHU RUGHU TXDOLWDWLYH

H[SOLFLW QHXUDO QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI *
[5)

y,QWHOOLJHQW 6SDWLDO 3UHGLFWLRQ DQG ,QW

$QVHOLQ / 6SDWLDO (FRQRPHWULFVY OHWKRGYV DQG ORC
%XVLQHVYV OHGLD

$QVHOLQ / 6SDFH DQG DSSOLHG HFRQRPHWULFV LQWUTF
(FRQRPLFV p

$QVHOLQ / 7KLUW\ \HDUV RI VSDWLDO HFRQRPHWULFV
b

$QVHOLQ / DQG %HUD $ . 6SDWLDO GHSHQGHQFH LQ Ol
LQWURGXFWLRQ WR VSDWLDO HFRQRPHWULFV 6WDWLVWLFV 7
$QVHOLQ / DQG 5H\ 6 - ORGHUQ 6SDWLDO (FRQRPHWUL
*HRGDVSDFH DQG 3\VDO *HR'D 3UHVV //&

$UELD * $ SULPHU IRU VSDWLDO HFRQRPHWULFV ZLWK C
$UMRYVN\ O &KLQWDOD 6 DQG %RWWRX / :DVVHUV\

IHWZRUMNWRFHHGLQJWRI , WHWH UQDWLRQDO &RQIHUHQFXORQ 0D
30/5 b

%DL HW DO $ W JFQ $WWHQWLRQ WHPSRUDO JUDSK FRQYRO
IRUHFDVWLQJ ,6356 ,QWHUQDWLRQDO -RXUQDO RI *HR ,QIRUP
%HVDJ - 6SDWLDO LQWHUDFWLRQ DQG WKH VWDWLVWLF
5R\DO 6WDWLVWLFDO 6RFLHW\ 6HULHV % OHWKRGRORJLFDO
%XL .+ 1 &KR - DQG <L + 6SDWLDO WHPSRUDO JUD
IRUHFDVWLQJ $Q RYHUYLHZ DQG RSHQ UHVHDUFK LVVXHV $S:
%XUURXJK 3$ OFRQQHOO 5% DQG /OR\G &' 3ULQF
,QIRUPDWLRQ 6\WWHPV 2[IRUG 8QLYHUVLW\ 3UHVV

&DHUV - OXOWLSOH SRLQW JHRVWDWLVWLFV $ TXDQWL
DQDORJV LQWR 6WDQIRUG 8QLYHUVLW\ 6WDQIRUG &HQWHU IR
&DR * .\ULDNLGLV 3 & DQG *RRGFKLOG 0) D $ PXOW
WKH SUHGLFWLRQ RI FDWHJRULFDO VSDWLDO GDWD ,QWHUQD
6FLHQFH

&DR * \ULDNLGLV 3 DQG *RRGFKLOG 0 2Q VSDWLD

FRQWLQXLW\ PHDVXUHV LIQUFDWSIURSUEQ Y RUH,Q GV

&DR * .\ULDNLGLV 3 & DQG *RRGFKLOG 0) E &RPELC

SUREDELOLWLHV IRU VWRFKDVWLF VLPXODWLRQ RI FDWHJRULI

,QIRUPDWLRQ BFLHQFH b

&DR * <RR (+ DQG :DQJ 6 $ VWDWLVWLFDO IUDPHZ

SUHGLFWLRQ Rl FDWHJRULFDO YDULDEOHV B6WRFKDVWLF (QYL
b

&DUOH 6 ) DQG )RJIJI * ( 7UDQVLWLRQ SUREDELOLW\ ED

ODWKHPDWLFDO *HRORJ\ b

&KHQ HW DO D 4XDQWLI\LQJ WKH VFDOH HIIHFW LQ JHRVSDW

YDULRJUDPV 30R6 2QH H

&KHQ BHW DO E $ K\EULG &11 /670 PRGHO IRU W\SKRRQ IRUPD
*HR,QIRUPDWLFD p

&KLOHV -3 DQG 'HOILQHU 3 *HRVWDWLVWLFV ORGHOL
L QWHUVFLHQFH

&KX ;HW DO 7ZLQV B5HYLVLWLQJ WKH GHVLJQ RI VSDWLDO D
$GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\WWHPYV
&UHVVLH 1 BWDWLVWLFV IRU 6SDWLDO 'DWD -RKQ :LOH



‘DL =HW DO *HRIJUDSKLFDOO\ FRQYROXWLRQDO QHXUDO QHW
PHWKRG IRU PRGHOLQJ VSDWLDOO\ QRQ VWDWLRQDU\ UHODWL
JULG ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWL

'DOH 05 DQG )RUWLQ 0 - 6SDWLDO $QDO\WLV $ *XLGH
8QLYHUVLW\ 3UHVV

'DUPRIDO ' 6SDWLDO $QDO\VLV IRU WKH 6RFLDO 6FLHQF
'"HITHUUDUG O %UHVVRQ ; DQG 9DQGHUJKH\QVW 3 &

JUDSKV ZLWK IDVW ORFDOIQK¥G WSGIFMWDQ 1HXWHOLQJRUPDWLI

6\WWHPV b

'LJJOH 3 - 7DZQ -$ DQG OR\HHG 5 % ORGHO EDVHG

6WDWLVWLFV b

'UD[O BW DO D 2YHUYLHZ DQG OHWHRURORJLFDO 9DOLGDWLR

1DWLRQDO 'DWDVHW 7RRONLW 1DWLRQDO 5HQHZDEOH (QHUJ\

'UD[O BW DO E 7KH ZLQG LQWHJUDWLRQ QDWLRQDO GDWDVH!
b

'X = HW DO *HRJUDSKLFDOO\ QHXUDO QHWZRUN ZHLJKWHG U

HVWLPDWLRQ RI VSDWLDO QRQ VWDWLRQDULW\ ,QWHUQDWLR

[

JLVFKHU 0 0 &RPSXWDWLRQDO QHXUDO QHWZRUNV D Q}

(QYLURQPHQW DQG 30DQQLQJ $ b

JLVFKHU 00 DQG :DQJ - 6SDWLDO 'DWD $QDO\VLV ORG

6SULQJHU 6FLHQFH %XVLQHVV OHGLD

JRWKHULQJKDP $6 <DQJ : DQG .DQJ : OXOWLVEDOF

UHJUHVVLRQ PJZU $QQDOV Rl WKH $PHULFDQ $VVRFLDWLRQ

*DO < 8QFHUWDLQW\ 8K’ '"HKHEVLWDUQLQJ

*DO < DQG *KDKUDPDQL = '"URSRXW DV D %D\HVLDQ DS

XQFHUWDLQW\ LQ,QHE® HWHPLWLRQDO &RQIHUHQFH RQ ODFKLQ

*DR 6 $ UHYLHZ Rl UHFHQW UHVHDUFKHV DQG UHIOHFWI

*HRPDWLFV DQG ,QIRUPDWLRQ 6FLHQFH RI :XKDQ 8QLYHUVLW\

*RRGFKLOG 0 ) D *LVFLHQFH JHRJUDSK\ IRUP DQG SUR

$PHULFDQ *HRJUDSKHUV b

*RRGFKLOG 0 ) E 7KH YDOLGLW\ DQG XVHIXOQHVV RI ODz

DQG JHRJUDSK\ $QQDOV RI WKH $VVRFLDWLRQ Rl $PHULFDQ *|

*RRGFKLOG 0 ) 6WDWLVWLFDO SHUVSHEWLYHV RQ JHRJL

*HRJUDSKLFDO $QDO\VLV b

*RRGFKLOG 0 ) +RZ ZHOO GR ZH UHDOO\ NQRZ WKH ZRU(

-RXUQDO RI 6SDWLDO ,QIRUPDWLRQ 6FLHQFH b

*RRGFKLOG 0 ) DQG /L 5HSOLFDWLRQ DFURVV VSDFH

VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 3URFHHGLQJV RI WK

*RRYDHUWYV 3 *HRVWDWLVWLFDO DQDO\VLV RI GLVHDVH
IURP HPSLULFDO IUHTXHQFLHV XVLQJ SRLVVRQ NULJLQJ ,QWH
b

*ULIILWK '$ DQG 3DHOLQFN - + 3 1RQ VWDQGDUG 6SDV

(FRQRPHWULFV 6SULQJHU 6FLHQFH %XVLQHVV OHGLD

+X 6HW DO 8UEDQ IXQFWLRQ FODVVLILFDWLRQ DW URDG VH

GDWD $ JUDSK FRQYROXWLRQDO QHXUDO QHWZRUN DSSURDFFk

6\WWHPV

-DQRZLF]JHW DO *HRDL VSDWLDOO\ H[SOLFLW DUWLILFLDO L¢

JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG ,QWHUQDWL

6FLHQFH b

-HDQ HW DO &RPELQLQJ VDWHOOLWH LPDJHU\ DQG PDFKLQH

6FLHQFH b

.DUUDVHW DO 3URJUHVVLYH JURZLQJ RI JDQV IRU LPSURYHG

YDULDWLRQ

_HGURQH® DO B5HSURGXFLELOLW\ DQG UHSOLFDELOLW\ 2SSF

JHRVSDWLDO UHVHDUFK ,QWHUQDWLRQDO -RXUQDO RI *HRJUL
[5)



.HOHMLDQ + + DQG 3UXFKD , 5 $ JHQHUDOL]JHG VSDWLE
IRU HVWLPDWLQJ D VSDWLDO DXWRUHJUHVVLYH PRGHO ZLWK I

5HDO (VWDWH )LQDQFH DQG (FRQRPLFV b

.HOHMLDQ + + DQG 3UXFKD , 5 $ JHQHUDOL]HG PRPHQV
SDUDPHWHU LQ D VSDWLDO PRGHO ,QWHUQDWLRQDO (FRQRPL
.HOHMLDQ + + DQG 3UXFKD , 5 7KH UHODWLYH HIILFLH!

HFRQRPHWULF PRGHOV FRQWDLQLQJ VSDWLDO ODJV 5HJLRQD
b

.LQJ - &OLIWRQ $ DQG +RGJH % 0 9DOLGDWLRQ RI
1IDWLRQDO 5HQHZDEOH (QHUJ\ /DE 15(/ *ROGHQ &2 8QLWHG
.LSI 71 DQG :HOOLQJ 0 6HPL VXSHUYLVHG FODVVLILFD
QHWZRQNYWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5HSUHVH
.LWDQLGLV 3. DQG 6KHQ .) *HRVWDWLVWLFDO LQWHU
$GYDQFHV LQ :DWHU 5HVRXUFHV b

.OHLEHU : DQG 1\FKND ' 1RQVWDWLRQDU\ PRGHOLQJ IF
-RXUQDO RI OXOWLYDULDWH $QDO\VLV b

.OHPPHU . DQG 1HLOO ' % $X[LOLDU\ WDVN OHDUQLQJ

DXWRUHJUHVVLY H QGERERFHICLII WK , WKW UQDWLRQDO &RQIHUF

LQO *HRIJUDSKLF ,QIRUPDWIRQ 6IVWHPV

AULDNLGLV 3 & $ JHRVWDWLVWLFDO IUDPHZRUN IRU DU

*HRJUDSKLFDO $QDO\VLV b

/IDP 16 1 6SDWLDO LQWHUSRODWLRQ PHWKRGV D UHYL
b

/H&XQ < %HQJLR < DQG +LQWRQ * '"HHS OHDUQLQJ

JHGLJ KW DO 3KRWR UHDOLVWLF VLQJOH LPDJH VXSHU UHVR

DGYHUVDULD@IURFERGN QJU(REMKHUHQFH RQ &RPSXWHU 9L VL

5HFRJQLWLRQ

JHKPDQQ $ 2YHUWRQ -0 DQG /HDWKZLFN - 5 *UDVS

DQDO\VLY DQG VSDWLDO SUHGLFWLRQ (FRORJLFDO ORGHOOLQ

/H6DJH - DQG 3DFH 5 . ,QWURGXFWLRQ WR 6SDWLDO (F

+DOO &5&

IH6DJH - 3 5HJUHVVLRQ DQDO\VLV Rl VSDWLDO GDWD -¥

3ROLF\ P

/JH6DJH -3 DQG )LVFKHU 0 0 6SDWLDO JURZWK UHJUHV

HVWLPDWLRQ DQG LQWHUSUHWDWLRQ 6SDWLDO (FRQRPLF $QI

/L : DQG +VX & < $XWRPDWHG WHUUDLQ IHDWXUH LGHC

LPDJHU\ D GHHS OHDUQLQJ DSSURDFK ,QWHUQDWLRQDO -RXLU
b

/L : +VX &< DQG +X 0 7REOHU V ILUVW ODZ LQ JHR

OHDUQLQJ PRGHO IRU WHUUDLQ IHDWXUH GHWHFWLRQ XQGHU

$VVRFLDWLRQ RI *HRJUDSKHUYV b

ILHEHUPDQ &ULEELQ : 'UD[O & DQG &OLIWRQ $ *X L

9DOLGDWLRQ &RGH 1DWLRQDO 5HQHZDEOH (QHUJ\ /DE 15(/ *
ILP %HW DO (QKDQFHG GHHS UHVLGXDO QHWZRUNV IR@ VLQJ
BURFHHGLQJH/(REMKHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWW
[5)

/LX 3 DQG 'H 6DEEDWD 6 $ JUDSK EDVHG VHPL VXSHUY
OHDUQLQJ LQ GLJLWDO JHRJUDSKLHV &RPSXWHUV (QYLURQPI
/ILX <HW DO ,PSURYH JURXQG OHYHO SP FRQFHQWUDWLRQ
IRUHVWY EDVHG JHRVWDWLVWLFDO DSSURDFK (QYLURQPHQWI
IX %HW DO *HRJUDSKLFDOO\ ZHLJKWHG UHJUHVVLRQ ZLWK C
D FDVH VWXG\ XVLQJ KHGRQLF KRXVH SULFH GDWD ,QWHUQDW
6FLHQFH b

OHQQLV - DQG *XR 6SDWLDO GDWD PLQLQJ DQG JHRJI
LOQWURGXFWLRQ &RPSXWHUV (QYLURQPHQW DQG S8UEDQ 6\VW
OLOOHU + - 7REOHU V ILUVW ODZ DQG VSDWLDO DQDO\V

JHRJUDSKHUYV b



20LYHU 0 $ DQG :HEVWHU 5 L,ULJLQJ D PHWKRG RI LQW
LQIRUPDWLRQ V\VWHPV ,QWHUQDWLRQDO -RXUQDO RI *HRJUD

2UG . (VWLPDWLRQ PHWKRGV IRU PRGHOV RI VSDWLDO 1
6WDWLVWLFDO $VVRFLDWLRQ b
SDFLRUHN & - DQG 6FKHUYLVK 0 - 6SDWLDO ORGHOOLQ

1RQVWDWLRQDU\ &RYDULDQFH )XQFWLRQV (QYLURQPHWULFV
3DHOLQFNHW §O 6SDWLDO (FRQRPHWULFV YRO 6D[RQ +RX

3DUNV % 2 6WH\DHUW /7 DQG *RRGFKLOG 0) (QYL
2[IRUG 8QLYHUVLW\ 3UHVV

3HDUO - 7KH VHYHQ WRROV RI FDXVDO LQIHUHQFH ZLW
&RPPXQLFDWLRQV Rl WKH $&0 b

5DLVVL 0 3HUGLNDULV 3 DQG .DUQLDGDNLV * ( 3K\

GHHS OHDUQLQJ IUDPHZRUN IRU VROYLQJ IRUZDUG DQG LQYHL
GLIIHUHQWLDO HTXDWLRQV -RXUQDO RI &RPSXWDWLRQDO 3K\
SHLFKVWHKE® MO 'HHS OHDUQLQJ DQG SURFHVV XQGHUVWDQ{
VA\VWHP VFLHQFH 1DWXUH b

5LSOH\ % 6SDWLDO 6WDWLVWLFV 1HZ <RUN -RKQ :LOH\
6FKHLGHU 6 DQG +XLVMHV 0 ° '"LVWLQJIXLVKLQJ H[WHQ\
PHDQLQJIXO JHRFRPSXWDWLRQ DQG PDSSLQJ ,QWHUQDWLRQD
6FLHQFH b

6HQIJXSWB/ W DO 7KH QDWLRQDO VRODU UDGLDWLRQ GDWD EI

6XVWDLQDEOH (QHUJ\ 5HYLHZV b

6KHSDUG $ WZR GLPHQVLRQDO LQWHUSRODWLRQ IXQF

BURFHHGLQJV RIUNMK$&0 1DWLRQDO &ROIHUHQFH

6RORZ $ 5 0DSSLQJ E\ VLPSOH LQGLFDWRU NULJLQJ 0D
p

6WUHEHOOH 6 &RQGLWLRQDO VLPXODWLRQ RI FRPSOH]

VWDWLVWLFV ODWKHPDWLFDO *HRORJ\ b

7REOHU 2Q WKH ILUVW ODZ RI JHRJUDSK\ $ UHSO\ $Q

*HRJUDSKHUV b

7REOHU : 5 $ FRPSXWHU PRYLH VLPXODWLQJ XUEDQ JUR

*HRJUDSK\ VXS b

8O\DQRY ' OHGDOGL $ DQG /HPSLWVN\,@3URFHHEBHGJWRJ}

((( @RPSXWHU 6RFLHW!| &RQIHUHQFH RQ &RPSXWHU 9LVLRQ D

YDQ GHQ %RRJDDUW . * DQG 6FKDHEHQ + .ULJLQJ RI U

RULHQWDWLRQV L GLUHFWLRQV DQG D[HV ODWKHPDWLFDO *H

9DQ :HVWHQ & - &DVWHOODQRV ( DQG .XULDNRVH 6 /

VXVFHSWLELOLW\ KD]DUG DQG YXOQHUDELOLW\ DVVHVVPHQW
=) p

'DQJ + DQG <HXQJ ' < $ 6XUYH\ RQ %D\HVLDQ 'HHS /HD
6XUYH\V b
'DQJ 4 6KL : DQG $WNLQVRQ 30 $UHD WR SRLQW U

VKDUSHQLQJ ,6356 -RXUQDO RI 3KRWRJUDPPHWU\ DQG 5HPRW
'DQJ ;HW DO (VUJDQ (QKDQFHG VXSHU UHVROXWLRQ JBQHU
SURFHHGLQIXURRSHMPKW &RQIHUHQFH RQ &RPSXWHU 9LWLRQ (&
"KLWWOH 3 2Q VWDWLRQDU\ SURFHVVHV LQ WKH SODQH
X 6 HW DO D *HRJUDSKLFDOO\ DQG WHPSRUDOO\ QHXUDO Qf
PRGHOLQJ VSDWLRWHPSRUDO QRQ VWDWLRQDU\ UHODWLRQVK
,QIRUPDWLRQ 6FLHQFH b

X < HW DO E ,QGXFWLYH JUDSK QHXUDO QHWZR,WNV IRU VSD
3URFHHGLQJV RI WKH $$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHO
'LDR HW DO 3UHGLFWLQJ YLEUDQF\ Rl PHWUR VWDWLRQ DU}
UHODWLRQVKLSY WKURXJK JUDSK FRQYROXWLRQDO QHXUDO Q
(QYLURQPHQW DQG 30DQQLQJ % 8UEDQ $QDO\WLFV DQG &LW\
'LH <HW DO $ VWDWLVWLFDOO\ JXLGHG GHHS QHWZRUN WUD
IUDPHZRUN IRU GDWD ZLWK M3 DW,YPO, RAWW H QR WMEPLDO\ &R QI H U
0LQLQJ ,&'d(( P



<DQ %W DO )URP ,7'/ WR 30DFH 9HF 5HDVRQLQJ DERXW SOTL

UHODWHGQHVV E\ OHDUQLQJ HPEHGGLQJV | QRPRIFXIPGLIW M GR N !
WK $&0 6,*63%$7,$/ ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDOQF!

61 VWHP WP

<DQ ;HW DO $ JUDSK FRQYROXWLRQDO QHXUDO QHWZRUN IR

XVLQJ VSDWLDO YHFWRU GDWD ,6356 -RXUQDO RI 3KRWRJUDP
b

=KDQJ HW DO 6HOI DWWHQWLRQ JHQHUDW QYGWIHINGDUNIDRIQ DC

&RQIHUHQFH RQ ODFKLIDH5/HDUQLQJ

=KDQJ W DO $ QRYHO UHVLGXDO JUDSK FRQYROXWLRQ GHH

QHWZRUN EDVHG WUDIILF IRUHFDVWLQJ ,QWHUQDWLRQDO -RX

o)
=KDQJ < DQG <X : &RPSDULVRQ RI GHP VXSHU UHVROX!'
LOQWHUSRODWLRQ DQG QHXUDO QHWZRUNV 6HQVRUV

=KDQJ < <X DQG =KX ' 7THUUDLQ IHDWXUH DZDUH

HOHYDWLRQ PRGHO VXSHUUHVROXWLRQ ,6356 -RXUQDO RI 3KF
b
=KDR HW DO 7 *&1 $ WHPSRUDO JUDSK FRQYROXWLRQDO QH
,((( 7TUDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VW
=KX $ HW DO 6SDWLDO SUHGLFWLRQ EDVHG RQ WKLUG ODZ
[
=KX 'HW DO D 6SDWLDO LQWHUSRODWLRQ XVLQJ FRQGLWLRQ
QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIR!
=KX ' *DR 6 DQG &DR * 7RZDUGYV WKH LQWHOOLJHQ
PRGHOLQURRHHGLQIJWHRBEMKHE,*63$7,%8/ ,QWHUQDWLRQDO :RUNV
*HRJUDSKLF .QRZOHGJHPBLVFRYHU|I
=KX 'HW DO 6SDWLDO UHJUHVVLRQ JUDSK FRQYROXWLRQDO
SDUDGLJP IRU VSDWLDO PXOWLYDULDWH GLVWULEXWLRQV *H]
=KX 'HW DO E 8QGHUVWDQGLQJ SODFH FKDUDFWHULVWLFV L
JUDSK FRQYROXWLRQDO QHXUDO QHWZRUNV $QQDOV RI WKH !
[

+HWHURJHQHLW\ $ZDUH 'HHS /HDUQLQJ LQ 6SD
)DLUQHVYV

$ODVDGL - $0O +LOOL $ DQG 6LQJK 9 . 7RZDUGQIDLU
SURFHHGLQJVVWR| QWKHUQDWLRQDO :RUNVKRS RQ )DLUQHVV $F

LQO OXOWLOHGLD

$WOXUL * .DUSDWQH $ DQG .XPDU 9 6SDWLR WHPS

SUREOHPV DQG PHWKRGV $&0 &RPSXWLQJ 6XUYH\V &685

%DR HW DO &RYLG JDQ (VWLPDWLQJ KXPDQ PRELOLW\ UHVSE

WKURXJK VSDWLR WHPSRUDO FRQGLWLRQDPE8UR BMKGMALMH R G
WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV L® *HRJUDS

%HQ 'DYLGWSDO $QDO\VLV RI UHSUHVHQWDWLRQV IRU GRPDI

1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\WWHPV

%UXQVGRQ & )RWKHULQJKDP $6 DQG &KDUOWRQ 0

VLIJQLILFDQFH WHVWV IRU JHRJUDSKLFDOO\ ZHLJKWHG UHJUH\
b

&KHQ AW DO $ VLPSOH IUDPHZRUN IRU FRQWUDVWLYH @HDU
,OWHUQDWLRQDO &RQIHUHQFHB®I® ODFKLQH /HDUQLQJ

'X 0 HW DO )DLUQHVV YLD UHSUHVHQWDWLRQ QHXWUDOL]DYV
3URFHVVLQJ 6\WWHPV b

'X 0 HW DO )DLUQHVV LQ GHHS OHDUQLQJ $ FRPSXWDWLRQ
6\WWHPV b

J)LQQ & $EEHHO 3 DQG /HYLQH 6 ORGHO DJQRVWLF
GHHS QHWBDRUWNUQDWLRQDO &RQIHUHQFH3®IG ODFKLQH /HDUQ!



JLQQ BW DO '"HHS VSDWLDO DXWRHQFRGHUVQIRU,YI{VXRPRWF
L OWHUQDWLRQDO &RQIHUHQFH RQ 5RERW(LFV PQOG $XWRPDWLR
JRWKHULQJKDP $ 6 <DQJ : DQG .DQJ : OXOWLVFDOF
UHJUHVVLRQ PJZU $QQDOV RI WKH $PHULFDQ $VVRFLDWLRQ
*DR <HW DO ,QFRPSOHWH ODEHO PXOWL WDVN GHHS OHDUQ
VXEW\SH IRUHFBRYRWAHHGLQJV Rl WKH $$%$, &RQIHUHQFH RQ $UW
b
*RRGFKLOG 0) DQG /L : 5HSOLFDWLRQ DFURVV VSDFH
VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 3URFHHGLQJV Rl WK

*XSWD HW DO 7RZDUGV VSDWLDO YDULDELOLW\ DZDUH GHHS
VXPPDU\ RI UBY&DW,Y.'' :RUNVKRS RQ 'HHS /HDUQLQJ IRU 6SDW
$SSs 61V
*XSWD HW DO 6SDWLDO YDULDELOLW\ DZDUH GHHS QHXUDO ¢
DSSURDFK $&0 7UDQV ,QWHOO 6\VW 7HFKQRO
+H (HW DO 6DLOLQJ LQ WKH ORFDWLRQ EDYHRFIHH G RO FEIL
WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV bQ *HRJUDS
+H (HW DO  3K\VLFV JXLGHG QHXUDO QHWZRUNV IRU WLPH D
FURS \LHOG SUHGLFWLRQ ,Q $$$, &RQIHUHQFH RQ $UWLILFLD
+H .HW DO 'HHS UHVLGXDO OHDUQLQJ, QRY35PDIH UHFRJQLW
-HDQ HW DO 7LOH YHF 8QVXSHUYLVHG UHSUHVHQWDWLRQ
GDWO3URFHHGLOXSRIGMIQHHUHQFH RQ $UWLNRKODO ,QWB OOLJH
-LD ;HW DO 6SDWLDO FRQWH[W DZDUH QHWZRUNV IRU PLQLG
LQ ODQG FRYHUQ&'AWEH,BW LR Q@
-LDQJ HW DO 6SDWLDO HQVHPEOH OHDUQLQJ IRU KHWHURJH
DPELJXLW\ $&0 7UDQV RQ ,QWHOOLJHQW 6\V DQG 7HFK 7,67
-LDQJ HW DO 6SDWLDO HQVHPEOH OHDUQLQJ IRU KHWHURJH
DPELJXLW\ $ VXPPDUQ3RIREHWGOWIYVWKI $EKH6,*63$7,$/ ,QWHUQD
&RQIHUHQFH RQ $GYDQFHV LQ *HRJUDSHKLF ,QIRUPDWLRQ 6\VW
-R (6 DQG *HEUX 7 /IHVVRQV IURP DUFKLYHV 6WUDWH.
GDWD LQ PDFKL QB ORMHHEIQIIV RERQKHUHQFH RQ )DLUQHVYV $F
DQG 7UDQVSDUBQFI
.DPLVKLPD 7 $NDKR 6 DQG 6DNXPD - )DLUQHVV DZI
UHJXODUL]DWLR@ DS$URDWFK ,QWHUQDWLRQDO &RQIHUHQFH R(
TRUNVKRSM ( b
.D\D $HW DO $QDO\VLV RI WUDQVIHU OHDUQLQJ IRU GHHS Ql
FODVVLILFDWLRQ PRGHOV &RPSXWHUV DQG (OHFWURQLFV LQ
.LOEHUWMW DO %OLQG MXVWLFH )DLUQHVV ZLWK,BQFU\SWH
,OQWHUQDWLRQDO &RQIHUHQFH3®IG ODFKLQH /HDUQLQJ
.UL]JKHYVN\ $ 6XWVNHYHU |, DQG +LQWRQ * ( ,PDJH(
FRQYROXWLRQDO QHXUDO QHWZRUNV $GYDQFHV LQ 1HXUDO ,
[5)
. XOOGRUHW®O OXOWLYDULDWH VFDQ VWDWLVWLFV IRU GLV}
OHGLFLQH )
/L =HW DO 3RLQW WR UHJLRQ FR OHDUQLQJ IRU SRYHUW\ PC
VDWHOOLW,K 6BPIJBEQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH
/ILX ; 3dW DO 5LVN DVVHVVPHQW XVLQJ WUDQVIHU OHDUQLQ.
DQG JRUHVW OHWHRURORJ\ =)
0D -HW DO ,PSURYLQJ DLU TXDOLW\ SUHGLFWLRQ DFFXUDF\
XVLQJ GHHS OHDUQLQJ DQG WUDQVIHU OHDUQLQJ WHFKQLTXH
ODL *HW DO $ UHYLHZ Rl ORFDWLRQ HQFRGLQJ IRU JHRDL P
,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F
OHKUDELHW DO $ VXUYH\ RQ ELDV DQG IDLUQHVV LQ PDFKLQI
6XUYH\V &685 p
ORUDOHWWS DO 6HQVLWLYHQHWY /HDUQLQJ DJQRVWLF UHSU
IDFH LPDJHV ,((( 7TUDQVDFWLRQV RQ 3DWWHUQ $QDO\VLV DQG
o)



1IHLOO ' % )DVW VXEVHW VFDQ IRU VSDWLDO SDWWHUQ
6RFLHW\ =)

1HLOO ' % OF)RZODQG ,,, ( DQG =KHQJ + )DVW VXE)
GHWHFWLRQ 6WDWLVWLFV LQ OHGLFLQH b

135 6XSUHPH FRXUW UXOHV SDUWLVDQ JHUU\PDQGHULQJ
FRXUWYV

3DQ 6 HW DO 'RPDLQ DGDSWDWLRQ YLD WUDQVIHU FRPSRQH
RQ 1HXUDO 1HWZRUNYV b

3DQ 6 - DQG <DQJ 4 $ VXUYH\ RQ WUDQVIHU OHDUQLQJ
DQG 'DWD (QJLQHHULQJ p

6HUQDHW DO 6HQVLWLYHORVV ,PSURYLQJ DFFXUDF\ DQG IDI
ZLWK GLVFULPLQDWLRQ DZDU¥H SUHHSUDE UMW, QY

6KHNKDU 6 JHLQHU 6 . DQG $UHI : * 6SDWLDO FRPS
$&0 =)

6KHNKDU 6 DQG ;LRQJ + (QF\FORSHGLD Rl JLV 6SULQJ
6WHHG 5 DQG &DOLVNDQ $ ,PDJH UHSUHVHQWDWLRQV

WUDLQLQJ FRQWDLQ KRPDRFE HIGH ELD RRHMY KR QIHUHQFH RQ )DL
$FFRXQWDELOLW!| DQG MUDQVSDUHQFI
6ZHHQH\ & DQG 1DMDILDQ O 5HGXFLQJ VHQWLPHQW SR

ZRUG HPEHGGLQJV XVLQJ D GYHARFBHIALAD DVH BARIQABILU HQFH R Q
)J)DLUQHVV $FFRXQWDELOLW!| PQG 7UDQVSDUHQFI

9LODOWD 5 DQG 'ULVVL < $ SHUVSHFWLYH YLHZ DQG V

,QWHOOLJHQFH 5HYLHZ p

:DQJ 0 DQG '"HQJ '"HHS YLVXDO GRPDLQ DGDSWDWLRQ
p

‘HL =HW DO [/DUJH VFDOH ULYHU PDSSLQJ XVLQJ FRQWUDVW
VDWHOOLWH LPDJHU\ 5HPRWH 6HQVLQJ
'LH <HW DO D +DUQHVVLQJ KHWHURJHQHLW\ LQ VSDFH ZLWK
OHDUQLQJ .QRZOHGJH DQG ,QIRUPDWLRQ B6\WWHPV b
'LH <HW DO D $ VWDWLVWLFDOO\ JXLGHG GHHS QHWZRUN WU
IUDPHZRUN IRU GDWD ZLWK M3 DW,PO, @AWW H QR WM.EPLDD\ &R QI H U
0LOLOQJ ,&'d(( b
‘LH <HW DO D 6WDWLVWLFDOO\ JXLGHG GHHS QHWZRUN WUD(C
KHWHURJHQHLW\ LQ VSDFH H[WHQGH G DENMHI®LFNFK [RY WI K)H DA
L OWHUQDWLRQDO -RLQW &RQIHUHQEB,RQ $SUWLILFLDO ,QWHOO
'LH <HW DO E )DLUQHVV E\ ¢ZKHUHé $ VWDWLVWLFDOO\ URE:
OHDUQLQJ IUDPHZRUN 3URFHHGLQJV Rl WKH $$$, & RQIHUHQFF
b

'LH <HW DO E 6SDWLDO QHW $ VHOI DGDSWLYH DQG PRGHO I
IRU VSDWLDOO\ KHW H UROBH@H R X\G ICOMBRIHWKH UQDWLRQDO &R
$GYDQFHV LQ *HRJUDSKLF ,QIRUPDWLRQ 6IVWHPV

'LH <HW DO E $XWR FP 8QVXSHUYLVHG GHHS OHDUQLQJ IRU
DQG FORXG PDVNLQJ XVLQJ VSDWISR VW EKRERHDOQEHQ RRLFVYWL I L
,QWHOOLJHQFH

;LH < 6KHNKDU 6 DQG /L < F 6WDWLVWLFDOO\ UREX
VSDWLDO KRWVSRWYV $ VXUYH\ $&0 &RPSXWPQJ 6XUYH\V &68!
<DQ $ DQG +RZH % )DLUVW (TXLWDEOH VSDWLDO DQG

PRELOLW\ VOBWRPNHGLQJWRI $&KH6,*63%$7,%8/ ,OWHUQDWLRQDO «
$GYDQFHV LQ *HRJUDSKLF ,QIRUPDWLRQ 6IVWHPV

<DQJ HW DO 7RZDUGV IDLUHU GDWDVHWY )LOWHULQJ DQG |
SHRSOH VXEWUHH LQ WKH QPR FIKHIG\L. @IV RDRBKNUHQFH RQ )DL
$FFRXQWDELOLW!| DQG MUDQVSDUHQFI

<DR +W DO /HDUQLQJ IURP PXOWLSOH FLWLHVY $ PHWD OHL
WHPSRUDO S,WH/GKIHF WRLLRA)G :LGH :HE &RQIHUHQFH b

<XDQ = =KRX ; DQG <DQJ 7 +HWHUR FRQYOVWP $ ¢
DFFLGHQW SUHGLFWLRQ RQ KHWHUR JPBUREX\ & 5Q INAVR | \WEIKP-S R L
6,*."  OWHUQDWLRQDO &RQIHUHQFH RQ .QRZOHG®»H 'LVFRYHU|



=DIDU OH®W DO )DLUQHVV EH\RQG GLVSDUDWH WUHDWPHQW

FODVVLILFDWLRQ ZLWKRXW @BV B H B &HQP MVRY UGHANE G RQWL R QD

&RQIHUHQFH RQ :RUOG 'bGH :HE

=KDQJ + DQG 'DYLGVRQ , 7RZDUGYV |D DB URFHSH GIQRPD R
$&0 &RQIHUHQFH RQ )DLUQHVV $FFRXQWDEBELOLW| DQG 7UI

([SODLQDELOLW\ LQ *HRS,

$FKWLEDHW PO )URP ¢:KHUH WR ¢:KDW 7RZDUGV KXPDQ XQ

H[SODQDWLRQV WKURXJK FRQFH®W,UH CHWHBQER /8 WDRSDYDWLR G

$QGHUV KW DO )JLQGLQJ DQG UHPRYLQJ &OHYHU +DQV 8VLQ

GHEXJ DQG LPSURYH GHHS PRGHOV ,QIRUPDWLRQ )XVLRQ

$UUDVHW DO D ([SODLQLQJ DQG ,QW&a Y[SWOHDW RQE 06T GY ,QWH L

([SODLQLQJ DQG 9LVXDOL]LQJ 'HHS /HDUQLQJ /HFWXUH 1RWH)\
b

$UUDVHW DO  ([SODLQLQJ UHFXUUHQW QHXUDO QHWZRU® SUI
SURFHHGLQJVIR3 WKRUNVKRS RQ &RPSXWDWLRQDO $SSURDFK
6HQWLPHQW 6RFLDO OH®LD $QDOIVLV
$UUDVHW DO E (YDOXDWLQJ UHFXUUHQW QH XQBIV®R RHHHNGZROUN ¥
WKH $&/ :RUNVKRS %ODFNER[1/3 $QDO\]LQJ DQG ,QWHUSUHW
[5)
$UUDV / 2VPDQ $ DQG 6DPHN &/1(95 ;$, $ EHQFKPI
WUXWK HYDOXDWLRQ RI QHXUDO QHWZRUN H[SODQDWLRQV ,Q
$VVDHO KW DO /LS1HW (QG WR HQG VHQWBIQREY CHWISOLQLS |
DU;LY
%DFK BW DO 2Q SL[HO ZLVH H[SODQDWLRQV IRU QRQ OLQHD
ZLVH UHOHYDQFH SURSDJDWLRQ 30R6 21( H
%D!D4ADRACHW O $ UHYLHZ RQ LQWHUSUHWDEOH DQG H[SOD
K\GURFOLPDWLF DSSOLFDWLRQV :DWHU
%HUQHWW& DO 'RWD ZLWK ODUJH VFDOH GHHBUYHY GIRKISIAPG
DU;LY
BHYHQ . - 5DLQIDOO 5XQRIl ORGHOOLQJ 7KH SULPHU -
%O, VFKO * 5DLQIDOO UXQRII PRGHOI0YD RFOREHG HIE FFIC
+\GURORJLFDO 6FLHQFHV -RKQ :LOH\ B6RQV /WG &K
&DVWHOYHFFKL &DQ ZH RSHQ WKH EODFN ER[ RI $," 1D
&KHQJ ; 'RRVWKRVVHLQL $ DQG .XQNHO - ,PSURYH
IRUHVWU\ EDVHG RQ H[SODQDWLRQV DQG H[SHUWLVH )JURQWL
&KHQJ MW DO D $ PHWKRG WR HYDOXDWH WDVN VSHFLILF LP¢
XQLWV EDVHG RQ H[SODLQDEOH DUWLILFLDO LQWHOOLJHQFH
,QIRUPDWLRQ 6FLHQFH b
&KHQJ MW DO E OXOWL VFDOH GHWHFWLRQ DQG LQWHUSUHW
RI KXPDQ DFWLYLWLHY UHSUHVHQWHG E\ WLPH VHULHV &RPS>

'RUK,IHU * +DQQDSSHO 6 DQG 9RLJIW + - 'LH K\GUR
'"HXWVFKODQG +zZ. 'LH K\GURJHRORJLVFKH ZEHUVLFKVNDU!
b

(UKDQ MW DO  9LVXDOL]LQJ KLJKHU OD\HU IHDWXUHV RI D GH
ORQWUHDO

JHO HW DO D +DUPRQL]LQJ WKH REMHFW UHFRJQLWLRQ VWU
ZLWK KXBB®FQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6|VW
JHO HW DO E &5%$)7 &RQFHSW UHFXUVLYH DFWLYDWLRQ IDFW
DU;LY SUHSULQW DU;LY

JRQJ 5 & DQG 9HGDOGL $ ,QWHUSUHWDEOH H[SODQDWI
SHUWXUED29LRQ b



*HR%DVLV '( %.* &25,1( /IDQG &RYHU KD 6WDQG &1&
$YDLODEOH IURP KWWSV JG] ENJ EXQG GH LQGH[ S
VWDQG FOF KWPO
*HR%DVLV '( %.* 'LJLWDOHV *HO!QGHPRGHOO *LWWHUZHL
$YDLODEOH IURP KWWSV PLV ENJ EXQG GH WUHIIHUDQ]HLJH'
EIGG HDPHWDGDWDBLQIR
+HGVWU MW DO 4XDQWXV $Q H[SODLQDEOH $, WRRONLW IRL
QHXUDO QHWZRUN H[SODQDWLRQV DQG EH\RQG -RXUQDO RI 0
+LOEXUQ .$ (EHUW 8SKRIl , DQG OLOOHU 6 ' '"HYHO
QHXUDO QHWZRUN EDVHG VIQWKHWLF UDGDU UHIOHFWLYLW\ H
-RXUQDO RI $SSOLHG OHWHRURORJ\ DQG &OLPDWRORJ\

+LQWRQ * ( 2VLQGHUR 6 DQG 7HK < : $ IDVW OHDU
QHWV 1HXUDO &RPSXWDWLRQ b

+LQWRQ * ( DQG 6DODNKXWGLQRY 5 5 SHGXFLQJ WKH G
QHWZRUNV B6FLHQFH b

+ROJLQJHWW SO ([SODLQDEOH DL PHWKRG®[[$D EBHHRREHUY L
([SODLOQDHBAWXUH 1IRWHV LQ $UWLILFLDO ,QWHOOLJHQFH YR
+XDQJ HW DO D &RQFHSW([SODLQHU ,QWHUDFWLYH H[SODQD
IURP D FRQFHSW SHUVSHFWLYH ,((( 7TUDQVDFWLRQV RQ 9LVXD
b
+XDQJ MW DO E *UDSK/,0( /RFDO LQWHUSUHWDEOH PRGHO H
QHWZRUNV ,((( 7TUDQVDFWLRQV RQ .QRZOHGJH DQG 'DWD (QJL
JWHQ H9¥ DO 'LVFRYHULQJ SK\VLFDO FRQFHSWV ZLWK QHXUD
IHWWHUV
-DQRZLF]JHW DO *HR$, 6SDWLDOO\ H[SOLFLW DUWLILFLDO LQ
JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG ,QWHUQDWL
6FLHQFH b
.LP %HW DO ,QWHUSUHWDELOLW\ EH\RQG IHDWXUH DWWULE
FRQFHSW DFWLYDWLR® YHDFWRRY 7&$9 b
.UDW]HUAMW PO 5DLQIDOOP UXQRII PRGHOOLQJ XVLQJ ORQJ V
QHWZRUNV +\GURORJ\ DQG (DUWK 6\WWHP 6FLHQFHV
.UDW]HUMW YO 7RZDUGV OHDUQLQJ XQLYHUVDO UHJLRQDO
YLD PDFKLQH OHDUQLQJ DSSOLHG WR ODUJH VDPSOH GDWDVH
[
LUL]JKHYVN\ $ B6XWVNHYHU , DQG +LQWRQ * ( ,PDJH:
FRQYROXWLRQDO QHXUDO QHWZRUNV &RPPXQLFDWLRQV RI W]
L.UXJ ' B6WHJIJHU 8 DQG (EHUKDUGW ( %RGHQ¥%EHUV
6WDWXV,Q-DKUHVWDJIXQJ GHU "% * S8QVHUH BYEHFEHKQVHU
IDSXVFKNLHW @0 8QPDVNLQJ &0HYHU +DQV SUHGLFWRUV DQ
UHDOO\ OHDUQ 1DWXUH &RPPXQLFDWLRQV b
JH&XQ < %HQJLR < DQG +LQWRQ * '"HHS OHDUQLQJ
/L = (IWUDFWLQJ VSDWLDO HIIHFWV IURP PDFKLQH OHDL
PHWKRG $Q H[DPSOH RI 6+$3 DQG ;*%RRVW &RPSXWHUV (QYL

/LX 3 DQG %LOMHFNL ) $ UHYLHZ RI VSDWLDOO\ H[SOLI
*HRJUDSK\ ,QWHUQDWLRQDO -RXUQDO RI $SSOLHG (DUWK 2EV

/JLX <HW DO 8UEDQ ODQG XVHV DQG WUDIILF &VRXUFH VLQN |
HQDEOHG WD[L GDWD LQ 6KDQJKDL /DQGVFDSH DQG S8UEDQ 30
IXQGEHUJ MWW DO )JURP ORFDO H[SODQDWLRQV WR JOREDO X«

$, IRU WUHHV 1DWXUH ODFKLQH ,QWHOOLJHQFH b
IXQGEHUJ 6 0 DQG /HH 6 , $ XQLILHG DSSURDFK WR LQ
$GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPYV
ODPDODNLV $ %DUQHV ($ DQG (EHUW 8SKRII , D ,Q

H[SODLQDEOH DUWLILFLDO LQWHOOLJHQFH PHWKRGV IRU DSS(
JHRVFLHQFH $UWLILFLDO ,QWHOOLJHQFH IRU WKH (DUWK 6\VYV
ODPDODNLV $ (EHUW 8SKRII DQG %DUQHV ( $ E ([S
PHWHRURORJ\ DQG FOLPDWH VFLHQFH ORGHO ILQH WXQLQJ F



,O,QWHUQDWLRQDO :RUNVKRS RQ ([WHQGLQJ ([SODLQDEOH $,
6SULQJIHU b

ODWLQ 6 6 DQG 3UDGKDQ % (DUWKTXDNH LQGXFHG EXL
([SODLQDEOH $, ;$, 6HQVRUV
OD\HU . - DQG %DUQHV ( $ 6XEVHDVRQDO IRUHFDVWV F

H[SODLQDEOH QHXUDO QHWZRUN *HRSK\VLFDO 5HVHDUFK /HW
OF*RYHUQHW DO ODNLQJ WKH EODFN ER[ PRUH WUDQVSDUHQ!
SK\VLFDO LPSOLFDWLRQV RI PDFKLQH OHDUQLQJ %XOOHWLQ |
[

OLOOHU 7 (ISODQDWLRQ LQ DUWLILFLDO LQWHOOLJHQF}
,QWHOOLJHQFH b

ORQWDYREW*DO /D\HU ZLVH UHOHYDQFH SURS@JBWDLRQD BQHR
,OWHUSUHWLQJ ([SODLQLQJ DQG 9HFWXO®MH LLRIN'HWH S @ HORRELQN
YRO 6SULQJIHU b

ORQWDYREW*DO ([SODLQLQJ QRQOLQHDU FODVVLILFDWLRQ G

GHFRPSRVLWLRQ 3DWWHUQ 5HFRJQLWLRQ b

ORQWDYRQ * 6DPHN : DQG 0% OOHU . 5 OHWKRGV IR
GHHS QHXUDO QHWZRUNV 'LJLWDO 6LJQDO 3URFHVVLQJ =)
3HHO 0 & DQG OFODKRQ 7 $ +LVWRULFDO GHYHORSPHQ
,QWHUGLVFLSOLQDU\ 5HYLHZV :DWHU

3RHUQHU 1 5RWK % DQG 6FK¥%W]H + (YDOXDWLQJ C

XVLQJ K\EULG GRFXPHQWY DQG PRUGERRK®W G E Q/L\FVAIIAMMMCDHD)
OHHWLQJ RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLV
SHLFKVWHKH® MO 'HHS OHDUQLQJ DQG SURFHVV XQGHUVWDQ(
VA\VWHP VFLHQFH 1DWXUH
S5LEHLUR 07 6LQJK 6 DQG*XHVWULQ & ¢:K\ VKRXO
SUHGLFWLRQV RI,DQVRPHDNGLONQREI $&KH,*.'" ,QWHUQDWLRQDO
&RQIHUHQFH RQ .QRZOHGJH 'LVFRY.HUA DQG PDWD 0LQLQJ
S5LHFNPDQEWSDO &DXVHV RI 2XWFRPH /HDUQLQJ D FDXVDO L
PDFKLQH OHDUQLQJ DSSURDFK WR GLVHQWDQJOLQJ FRPPRQ F
KHDOWK RXWFRPH ,QWHUQDWLRQDO -RXUQDO RI (SLGHPLROR
5SRVFKHUHW DO ([SODLQDEOH PDFKLQH OHDUQLQJ IRU VFLHQ
((( $SFFHVV b
5RVV $ 6 +XJKHV 0& DQG 'RVKL 9HOH] ) 5LJKW IRU
GLIIHUHQWLDEOH PRGHOV E\ FRQV, QDR OH QG LK IHRD W KHELD Y B
,OWHUQDWLRQDO -RLQW &RQIHUHQFHPRQ $UWLILFLDO ,QWHOO
5XVVDNRYVNW DO ,PDJH1IHW ODUJH VFDOH YLVXDO UHFRJQL
-RXUQDO RI &RPSXWHU 9LVLRQ b
6DPHN HW DO ([SODLQDEOH $, ,QWHUSUHWLQJ ([SODLQLQJ .
/HDUQUBFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH YRO 6SUL
6DPHN HW DO ([SODLQLQJ GHHS QHXUDO QHWZRUNV DQG EH
DQG DSSOLFDWLRQV 3URFHHGLQJV RI WKH ,((( b
6FKQDNHHW DO +LJKHU RUGHU H[SODQDWLRQV RI JUDSK QHX
ZDONV ,((( TUDQVDFWLRQV RQ 3DWWHUQ $QDO\VLV DQG ODFKL
6FK_ONRSI % &DXVDOLW\ IRU ODFKLQH /HDUQLQJ VW H
IRU &RPSXWLQJ ODFKLQHU\ b
6FKUDPRZVNW BO ODNLQJ GHHS QHXUDO QHWZRUNV ULJKW I
UHDVRQV E\ LQWHUDFWLQJ ZLWK WKHLU H[SODQDWLRQV 1DW>
6HOYDUDMMWSD®D *UDG &$0 9LVXDO H[SODQDWLRQV IURP GH
EDVHG ORFDOQIYRWHRGLQJU RIOMKHH QDWLRQDO &RQIHUHQFH R(
b
6LOYHWW DO ODVWHULQJ WKH JDPH RI *R ZLWK GHHS QHXUD
1DWXUH b
6LPRQ\DQ . 9HGDOGL $ DQG =LVVHUPDQ $ '"HHS LQ"
9LVXDOLVLQJ LPDJH FODVVLILFDWLR Q3RRGHE G [DIJ®@ WRE OUKBPQU\F
&RQIHUHQFH RQ /HDUQLQJ 5HSUBMHQWDWLRQV ,&/5
BLWWHUWRMQDO $Q RYHUYLHZ RI UDLQIDQQ WKQ®DWALRGHD® &R
(OYLURQPHQWDO O0RGHOOLQJ DQG 6RIWZDUH



6PLONRYHW DO B6PRRWK*UDG UHPRYLQJ QRLQ/EBOE\ DGGLQJ QF
6XQGDUDUDMDQ 0 7DO\ $ DQG <DQ 4 $[LRPDWLF D\
BURFHHGLQJWKI , WHWH UQDWLRQDO &RQIHUHQFH RQ ODS&WLQH /F
b

7RPV % $ %DUQHV ($ DQG (EHUW 8SKRII 3K\VLFD
IRU WKH *HRVFLHQFHV $SSOLFDWLRQV WR (DUWK V\VWHP YDU
(DUWK B\WWHPV

7RPV % $ %DUQHV ($ DQG +XUUHOO - : $VVHVVLQJ
(DUWK VI\VWHP PRGHO XVLQJ H[SODLQDEOH QHXUDO QHWZRUN
H o %/

9DQ 'HU .QLMIlI - <RXQLV - DQG 'H 5RR $ /,6)/22" D
PRGHO IRU ULYHU EDVLQ VFDOH ZDWHU EDODQFH DQG IORRG \
*HRJUDSKLFDO ,QIRUPDWLRQ 6FLHQFH b

"HEHU HW DO  %H\RQG H[SODLQLQJ 2SSRUWXQLWLHV DQG F¥
LPSURYHPHQW ,QIRUPDWLRQ )XVLRQ b

'LQJ - DQG 6LHEHU 5 ,QWHJUDWERLHG@FHD QG BHKRY,W 3D ¢

3URFHHGLQJV 8& 6DQWD %DUEDUD &HQWHU IRU 6SDWLDO 6W.
'LQJ ;HW DO 0DSSLQJ KXPDQ DFWLYLW\ YROXPHV WKURXJK L
-RXUQDO RI 6HOHFWHG 7RSLFV LQ $SSOLHG (DUWK 2EVHUYDW|
<DQJ #W DO ([SODLQLQJ WKHUDS\ SUHGLFWLRQV ZLWK OD\F
QHXUDO QH@ZRUNY,QWHUQDWLRQDO &RQIHUHQFH RQ +HDOWK
((( P
<HRP 6 HW DO 3UXQLQJ E\ H[SODLQLQJ $ QRYHO FULWHULR
SUXQLQJ 3DWWHUQ 5HFRJQLWLRQ
=HLOHU 0 ' DQG )HUJXV 5 9LVXDOL]LQJ DQG XQGHUVWI
&RPSXWHU 9LVLROQbP(&&I WK (XURSHDQ &RQIHUHQFH
=KDQJ AW DO 6RFLDO VHQVLQJ IURP VWUHHW OHYHO LPDJHL
VSDWLR WHPSRUDO XUEDQ PRELOLW\ SDWWHUQV ,6356 -RXUQ
BHQVLQJ b
=LQN BW DO $ KLJK UHVROXWLRQ GDWDVHW Rl ZDWHU IOX[H
DFFRXQWLQJ IRU SDUDPHWULF XQFHUWDLQW\ +\GURORJ\ DQG
b

=LQWJUDIHW®O 9LVXDOL]LQJ GHHS QHXUDO QHWZRUN GHFL\
DQDO\L&/5

=RX 4HW DO 'HHS OHDUQLQJ EDVHG IHDWXUH VHOHFWLRQ IR
FODVVLILFDWLRQ ,((( *HRVFLHQFH DQG 5HPRWH 6HQVLQJ /HW\

6SDWLDO &URVV 9DOLGDWLRQ IRU *HRS,

$LURODHUE DO 7KH VSDWLDO OHDYH SDLU RXW FURVV YDOLGE
HVWLPDWLRQ RI VSDWLDO FODVVLILHUV 'DWD OLQLQJ DQG .QF
%UHQQLQJ $ 6SDWLDO FURVV YDOLGDWLRQ DQG ERRWYV
UXOHV LQ UHPRWH VHQVLQJ 7K& U SENQIMHYOBUULRQBDOWHR \
5HPRWH 6HQVLQJ 6\RERVLXP

%UHQQLQJ $ 6SDWLDO PDFKLQH OHDUQLQJ PRGHO GLDJ

EDVHG DSSURDFK ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFD

%URZQH O : &URVV YDOLGDWLRQ PHWKRGV -RXUQDO RI
5

%XUPDQ 3 $ FRPSDUDWLYH VWXG\ Rl RUGLQDU\ FURVYV Y

WKH UHSHDWHG OHDUQLQJ WHVWLQJ PHWKRGY %LRPHWULND
&KDQJ HW DO 7KH UROH RI DOFRKRO RXWOHW YLVLWV GHUL"
GDWD LQ HQKDQFLQJ GRPHVWLF YLROHQFH SUHGLFWLRQ DW W

&URVE\ + 'DPRXODV 7 DQG -DUYLV 6 $ 5RDG DQG W
XUEDQ PRGHOOLQJ ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLF



'D 6LOYD 7 3 3DUPH]DQ $5 DQG %DWLVWD * ( $ JUI
YDOLGDWLRQ DSSURDFK IRU DVVHVVLQJ PRGHOV OHDUQHG ZL)
UHVX@WV WK ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ ODFKLQH
,&0/8%  ,((( b

'LQL] )LOKR -$) %LQL /0 DQG +DZNLQV % $ 6SDWI
KHUULQJV LQ JHRJUDSKLFDO HFRORJ\ *OREDO HFRORJ\ DQG %
JRWKHULQJKDP $ 6 ¢WKH SUREOHP Rl VSDWLDO DXWRFR
*HRJUDSKLFDO $QDO\VLV b

*DR 6HW DO $ GDWD V\QWKHVLV GULYHQ PHWKRG IRU GHWH!
FRJQLWLYH UHJLRQV ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSK

[

*«URQ $ +DQGV RQ ODFKLQH /HDUQLQJ ZLWK 6FLNLW /HE
¢2 GHLOO\ OHGLD ,QF

*RRGFKLOG 0 ) DQG /L : 5HSOLFDWLRQ DFURVV VSDFH
VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 3URFHHGLQJV RI WK

H

+LMPDQV 5 - &URVYV YDOLGDWLRQ Rl VSHFLHV GLVWULE]
ELDV DQG FDOLEUDWLRQ ZLWK D QXOO PRGHO (FRORJ\
.DUDVLDN 1 OXVHR WRROER[ $ S\WKRQ OLEUDU\ IRU UH

KDQGOH UDVWHUV -RXUQDO RI 2SHQ 6RXUFH 6RIWZDUH
.DUDVLDWWLDO 6SDWLDO GHSHQGHQFH EHWZHHQ WUDLQLQJ
FODVVLILFDWLRQ DFFXUDF\ DVVHVVPHQW LQ UHPRWH VHQVLQ.
.DUDVLDMWLDO 6WDWLVWLFDO VWDELOLW\ DQG VSDWLDO LQ
VSHFLHV E\ FRPSDULQJ \HDUV Rl VDWHOOLWH LPDJH WLPH V¢

OH\HU + DQG 3HEHVPD ( 3UHGLFWLQJ LQWR XQNQRZQ \
DSSOLFDELOLW\ Rl VSDWLDO SUHGLFWLRQ PRGHOV OHWKRGYV
OH\HU + DQG 3HEHVPD ( ODFKLQH OHDUQLQJ EDVHG JO

DQG WKH FKDOOHQJH RI DVVHVVLQJ WKHP 1DWXUH &RPPXQLF
OH\HU #HW DO ,PSURYLQJ SHUIRUPDQFH RI VSDWLR WHPSRUD
XVLQJ IRUZDUG IHDWXUH VHOHFWLRQ DQG WDUJHW RULHQWHC
6RIWZDUH =)

ORQWHOOR '5 )ULHGPDQ $ DQG 3KLOOLSV ': 9DJX
DQG JHRJUDSKLF LQIRUPDWLRQ VFLHQFH ,QWHUQDWLRQDO -R
[

OXVFDUHO®W (5O (QP HYDO $Q U SDFNDJH IRU FRQGXFWLQJ
HYDOXDWLRQV DQG HVWLPDWLQJ RSWLPDO PRGHO FRPSOH[LW
OHWKRGV LQ (FRORJ\ DQG (YROXWLRQ b
3RKMDQNXMNMDDO (VWLPDWLQJ WKH SUHGLFWLRQ SHUIRUPDC
VSDWLDO N IROG FURVV YDOLGDWLRQ ,QWHUQDWLRQDO -RXU!
[5)
SREHUWV HW5 DO &URVV YDOLGDWLRQ VWUDWHJILHV IRU GDW!I
KLHUDUFKLFDO RU SK\ORJHQHWLF VWUXFWXUH (FRJUDSK\
6FKUDWHW DO POU VSDWLRWHPSFY 6SDWLRWHPSRUDO UHVI
OHDUQLQU,LY SUHSULQW DU;LY
7REOHU : 5 $ FRPSXWHU PRYLH VLPXODWLQJ XUEDQ JUR
*HRJUDSK\ VXS b
9DODYLHW DO EORFNFY $Q U SDFNDJH IRU JHQHUDWLQJ VSD
VHSDUDWHG IROGV IRU N IROG FURVV YDOLGDWLRQ RI VSHFLH
=KRX 5HW DO 'HULYLQJ QHLJKERUKRRG OHYHO GLHW DQG S
IURP DQRQ\PL]JHG PRELOH SKRQH ORFDWLRQ GDWD IRU HQKDQ
-RXUQDO RI +HDOWK *HRJUDSKLFV b



*HRS$, IRU WKH 'LJLWL]DWLRQ RI +LVWRULFDO

$OORUG * - JLVKEXUQ . $ DQG :DOWHU -/ 6WDQGD
KLVWRULFDO WRSRJUDSKLF PDS FROOHFWLRQ 86 *HRORJLFDO
$WKDQDVLRW D8O *HRNQRZ PDNLQJ WKH ZHE DQ H[SORUDWRI

NQRZOHGJH (5&,0 1HZV b b
%DWWOH 5 DQG .RODV ' *HRVSDUTO HQDEOLQJ D JHR\
-RXUQDO P

%KXVKDQ 'DPRGBIUDRO% $Q HQWURSLF RSWLPDO WUDQVSRUW
QHXUDO QHWZRUNV XQGHU ODEHO QRAVH Y Q®/ SWERWHK VHQVLQ.
%RHLQJ * 2VPQ[ 1HZ PHWKRGV IRU DFTXLULQJ FRQVWL
FRPSOH[ VWUHHW QHWZRUNV &RPSXWHUV (QYLURQPHQW DQGC
%RQH KW DO $ JHRVSDWLDO VHDUFK HQJLQH IRU GLVFRYHUI
DFURVV WKH ZHE ,QWHUQDWLRQDO -RXUQDO RI 'LJLWDO (DUW
%XUJKDUGW DO 5RDG QHWZRUN HYROXWLRQ LQ WKH XUEDQ
&RPSXWHUV (QYLURQPHQW DQG S8UEDQ 6\VWHPYV
&DULRQHW DO (QG WR HQG REMHFW GHWHFWXBRSHDNK WUDQ
&RQOIHUHQFH RQ &R P S6QMHQ BHW LR G
&KDQ 7 DQG =KX : /IHYHO VHW EDVHG @KDSH(SULRU VH.
&RPSXWHU 6RFLHW!| &RQIHUHQFH RQ &RPSXWHU 9LVLRQ(@QG 3
YRO b
&KHQ /®W DO (QFRGHU GHFRGHU ZLWK DWURXV VHSDUDEOH
LPDJH VHIPHQWBDWERBGLQJXRRSHMIBOK &RQIHUHQFH RQ &RPSXW
[
&KHQ HW DO 7H[W UHFRJQLWLRQ LQ WKH ZLOG $ VXUYH\ $¢
&685 b
&KLDQJ < < 4XHU\LQJ KLVWRULFDO PDSV DV D XQLILHG
VSDWLRWHPSRUDO VRXUFH 9LVLRQ SDSHU 6,*63$7,$/ & 1HZ
&RPSXWLQJ ODFKLQHU\ $YDLODEOH IURP KWWSV GRL RUJ
&KLDQJ #W DO 8VLQJ +LVWRULFDO O0DSV LQ 6FLHQWLILF 6W]
&KDOOHQJHV DQG %HVW 3UDFWLFHV 6SULQJHU

&KLDQJ << /H\N 6 DQG .QREORFN & $ $ VXUYH\ RI |
WHFKQLTXHV $&0 &RPSXWLQJ 6XUYH\V &685 b
&KLURQHW DO ,FGDU FRPSHWLWLRQ RQ SRVW RFU WH[W F
YRO P

'"HYOLQHW DO  %(57 3UH WUDLQLQJ RI GHHS ELGLUHFWLRQDC
XQGHUVWDIBGRGHHGLQJIV RARQKHUHQFH RI WKH 1RUWK $PHULF.
$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV +XPDQ /DQ.
DQG 6KRUW 3IXSHUWLQQHDSROLY OLQQHVRWD $&/ b

'XDQ :HW DO $XWRPDWLF DOLJQPHQW RI JHRJUDSKLF IHDW X
GDWD DQG KLVWRIURBOHBLRVIVWR I RUKH/ KRS RQ $UWLILFLDO ,Q
'"HHS /HDUQLQJ IRU *HRJUDSKLF .QRZOHGJH 'LVFRYHUI

'XDQ :HW DO D *XLGHG JHQHUDWLYH PRGHOV XVLQJ ZHDN VX
VSDWLDO DUUDQJHPHQW L@ RYHYKBWG L@DWH\RQDO &RQIHUHQ
%LJ 'DWD(( b

'XDQ :HW DO E $ ODEHO FRUUHFWLRQ DOJRULWKP XVLQJ SUI
DFFXUDWH JHRVSDWLDO ®EMHKN, 0 WHRIIDLWILAR@D O &RQIHUHQF
"DWD , ((( b

JORUF]\N HW- DO *KVO GDWD SDFNDJH IX[HPERXUJ (85

*RRGFKLOG 0) &LWL]JHQV DV VHQVRUV WKH ZRUOG RIY
b

*XSWD $ 9HGDOGL $ DQG =LVVHUPDQ % 6\QWKHWLF

LPDIHQ3URFHHGLQJUREMAIHUHQFH RQ &RPSXWHU 9LVLRQ DQC
[5)

+RVVHLQKHW.DO ODSUHDGHU D FRPSXWHU YLVLRQ SLSHOLQH

RlI PDSV DWQOBRIRFHWHGLQIWHR IS KH,*63%7,$/ , QOWHUQDWLRQDO :|

*HRVSDWLDO +XPDQLWLHYV



+XDQJ BW DO 6ZLQWH[WVSRWWHU 6FHQH WH[W VSRWWLQJ |
GHWHFWLRQ DQG W a3WRFHHFGIQLMIRIXY KR QIHUHQFH RQ &RPS)
9LVLRQ DQG 3DWWHUQ PHFRJIJQLWLRQ
-DGHUEHUHWODO 6\QWKHWLF GDWD DQG DUWLILFLDO QHXUDCG
UHFRJQDWURQSUHSULQW DU;LY
.DQJ -HW DO 1RLVH WROHUDQW GHHS QHLJKERUKRRG HPEHG
LPDJHV ZLWK ODEHO QRLVH ,((( -RXUQDO RI 6HOHFWHG 7RSLF
SHPRWH 6HQVLQJ b
/IDQ =HW DO $/%(57 $ OLWH % (57 IRU VHOI VXSHUYLVHG OHD
UHSUHVHQWDMK.R@QWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5
$GGLV $EDED (WKLRSLD $SHRQBHYLHZ QHW $YDLODEOH IURP
KWWSV RSHQUHYLHZ QHW IRUXP"LG + H$ $(WY®6
JHYHQVKWHLQ 9 %LQDU\ FRGHV FDSDEOH RI FRUUHFWLC
,OBRYLHW 3K\VLFV 'RNODG\ 6RYLHW 8QLRQ YRO b
/IHZLV ®W DO  %$57 'HQRLVLQJ VHTXHQFH WR VHTXHQFH SUF
ODQJXDJH JHQHUDWLRQ WUDQVQ RMLRRH HDGEL® FRIRS VB QU LR
OHHWLQJ RI WHKHD S LS &/ b
/JH\N 6HW DO 7ZR FHQWXULHV Rl VHWWOHPHQW DQG XUEDQ C
6FLHQFH $GYDQFHYV HDED
/L + /LX - DQG =KRX ; ,QWHOOLJHQW PDS UHDGHU
XQGHUVWDQGLQJ ZLWK GHHS OHDUQLQJ DQG JDJHWWHHU ,(((
/L =HW DO $Q $XWRPDWLF $SSURDFK IRU *HQHUDWLQJ 5LFK
+LVWRULFDO 0DS ,PDJHV 1HZ <RUN 1< 86$% $VVRFLDWLRQ IR!
/L =HW DO 6\QWKHWLF PDS JHQHUDWLRQ WR SURYLGH XQOL
PDS WH[W GHYHRWHRGLQJWKRIB®MKHA,*63%$7,$/ ,QWHUQDWLRQDO
IRU *HRJUDSKLF .QRZOHGJMIH 'LVFRYHU|I
/L =HW DO 6SDEHUW $ SUHWUDLQHG ODQJXDJH PRGHO IURP
UHSUHVHQ@(DWBRQQGLQJV
/JLX ;HW DO )RWV )DVW RULHQWHG WH[W VSRWBWRGH HEWXJ D
WKH(( &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQ6 3DWWHUQ 5HFR
/ILX <HW DO S5REHUWD $ UREXVWO\ RSWLPL]HG®G LEHY VS (BHSHN @
DU;LY
/JLX <HW DO $EFQHW 5HDO WLPH VFHQH WH[W VSRWWLQJ ZL\
,Q3URFHHGLOQJY/ (REWKHR QIHUHQFH RQ &RPSXWHU 9LVLRQ DQG
b

/JRQJ 6 +H ; DQG <DR & 6FHQH WH[W GHWHFWLRQ D
HUD ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU 9LVLRQ
1DPJXQJ 0 DQG &KLDQJ < < ,QFRUSRUDWLQJ VSDWLDO

,Q3URFHHGLQJWRIS8XKH, *63$7,%/ ,QWHUQDWLRQDO :RUNVKRS R

.QRZOHGJH 'LVFRYHUI

1JX\HQ AW DO 1HXUDO PDFKLQH WUDQVODWLRQ ZLWK EHUW

FRUUHFQBUIRRFHHGLQIER|(WKH'/ 1HZ <RUN 1< 86$ $&0 b

5RWKH 6 1DUD\DQ 6 DQG 6HYHU\Q $ /HYHUDJLQJ S

VHTXHQFH JHQHUDWLRQ WDVNV 7UDQVDFWLRQV RI WKH $VVRI
b

5XPVH\ ' DQG :LOOLDPV 0 +LVWRULFDO 0DSV LQ *,6 &L

6DQK ®W DO 'LVWLOEHUW D GLVWLOOHG YHUVLRQ RI EHUW

DU;LY SUHSULQW DU;LY

6KELWDHWo DO % XLOGLQJ VSDWLR WHPSRUDO NQRZOHGJH JUI

WRSRJUDSKLF KLVWWRDOWMD.& B®BSULQW b

6RQJ % DQG &KDQ 7 $ IDVW DOJRULWKP IRU OHYHO VH
5HSRUW

6RSHU ( )XMLPRWR 6 DQG <X < %$57 IRU SRVW FRL
,Q3URFHHGLQJV RI : 1& HPEHU 2QOLQH $&/ b

8KO - + +RZ WKH 8 6 ZDV PDSSHG YLVXDOL]JLQJ \HD
WKH FRQWHUPLQRXV 8 6 $YDLODEOH IURP KWWSV GRL RUJ
8KO - + DQG 'XDQ : $XWRPDWLQJ LQIRUPDWLRQ H[WUD

WRSRJUDSKLF PDS DUFKLYHV 1HZ RSSRQWERRW LRYV% Q G HRKIDK



b

8KO - HW DO ODS DUFKLYH PLQLQJ YLVXDO DQDO\WLFDO DS
KLVWRULFDO PDS FROOHFWLRQV ,6356 QWHUQDWLRQDO -RXU
8KO -HW DO D 7TRZDUGV WKH DXWRPDWHG ODUJH VFDOH UHF
QHWZRUNV IURP KLVWRULFDO PDSV &RPSXWHUV (QYLURQPHQ
8KO - HW DO E 8QPDSSHG WHUUDLQ DQG LQYLVLEOH FRPPXQ
PDSSLQJ GLVSDULWLHYVY DFURVV VHWWOHPHQWY LQ WKH XQLW|
$YDLODEOH IURP KWWSYV GRL RUJ JHQRGR

8KO - HW DO &RPELQLQJ UHPRWH VHQVLQJ GHULYHG GDWD I
WHUP EDFN FDVWLQJ RI XUEDQ H[WHQWV 5HPRWH 6HQVLQJ

9UDQGHILE ' DQG .U,W]JVFK 0 :LNLGDWD D IUHH FROOD
&RPPXQLFDWLRQV RI WKH $&0 [
:DQJ + DQG 6RQJ O &NPHDQV G GS RSWLPDO N PHDQ

E\ G\QDPLF SURJUDPPLQJ 7KH 5 -RXUQDO

':DQJ 7HW DO (QG WR HQG WH[W UHFRJQLWLRQ ZLWJK FRQYRC

SURFHHGLQJWWI ,WWHUQDWLRQDO &RQIHUHQFH RQ 3DWWHUQ !
[

'HLQPDQ HW DO 'HHS QHXUDO QHWZRUNV IRU WH[W GHWHFWI

PDSVYQ3URFHHGLQJV RI ,((( ,&($5 ap

X 6 HW DO 5RDG H[WUDFWLRQ IURP YHU\ KLJK UHVROXWLR

RSHQVWUHHWPDS FHQWHUOLQH ,6356 ,QWHUQDWLRQDO -RXUC

;LD =HW DO 9LVLRQ WUDQVIRUPHU ZLW,KQ3H RIRPGE@H/ DRW MK

((( &9) &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HF

<DQJ &W DO ([SORULQJ SUH WUDLQHG ODQJXDJH PRGHOV IR

JHQHUDWRRBRFHHGLQJWRKI $QKIKDO OHHWLQJ RI WKH $VVRFLDW!I

/LQJXLVWX®BY )ORUHQFH ,WDO\ $&/ b

=KDQJ HW DO 7H[W VSRWWLQJQ8URENHALRHW\RE WK H

&RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQ® 3DWWHUQ 5HFRJQLWL

=KX ;HW DO 'HIRUPDEOH GHWU 'HIRUPDEOH WUDQVIRUPHUV

GHWHFDMLR® SUHSULQW DU;LY

6SDWLRWHPSRUDO $, IRU 7TUDQVSRUWDWLRQ

$VDG O HW DO 3RWKROH GHWHFWLRQ XVLQJ GHHS OHDUQLQ.
SHUVSHFWLYH $GYDQFHV LQ &LYLO (QJLQHHULQJ H

%DVVR HW DO '\QDPLF VWRFKDVWLF HOHFWULF YHKLFOH URYX
OHDUQLQJ 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW ( /RJLVWLFV O
&KHQ BW DO $Q LQWHOOLJHQW SDWK SODQQLQJ VFKHPH RI
XVLQJ GHHS UHLQIRUFHPHQW OHDUQLQJ RQ QHWZRUN HGJH (

&KHQJ 7 +DZRUWK - DQG :DQJ - 6SDWLR WHPSRUDC
GDWD -RXUQDO RI *HRJUDSKLFDO 6\VWHPYV P
&KHQJ 7 =KDQJ < DQG +DZRUWK - IHWZRUN VSDFH

DSSOLFDWLRQV -RXUQDO RI *HRGHV\ DQG *HRLQIRUPDWLRQ 6
&KX 7THW DO OXOWL DJHQW GHHS UHLQIRUFHPHQW OHDUQLQ.
FRQWURO ,((( 7TUDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQVSRUWTE
(GULVL $ %DJKHU]JDGHK . DQG 1DGL $ $SSO\LQJ PD
DGDSWLYH G\QDPLF URXWQ@BYRPMRAG/ILQRIPFRVEMOHVLRQ RI &LYLO
7UDQVSREW b

)DWDG HW DO 'HHS OHDUQLQJ VHQVRU IXVLRQ IRU DXWRQRP
ORFDOL]DWLRQ $ UHYLHZ 6HQVRUYV

*UXQLW]JNL 5 GH 20LYHLUD 5DPRV * DQG %D]]DQ $/ &
UHZDUGY RQ UHLQIRUFHPHQW QBDUQLQD]LROW LR W B | FHKRIGFAH |
61VWHPM(( b

+DVVDQ / $ + ODKPDVVDQL +6 DQG &KHQ < 5HLQIR
IRU IUHLJKW GHPDQG IRUHFDVWLQJ WR VXSSRUW RSHUDWLRQ]|



5HVHDUFK 3DUW ( /RJLVWLFV DQG 7UDQVSRUWDWLRQ 5HYLHZ
,EUDKLP 05 +DZRUWK - DQG &KHQJ 7 "HDWKHUQHW
YLVXDO FRQGLWLRQV IURP VWUHHW OHYHO LPDJHV XVLQJ GHH
-RXUQDO RI *HR ,QIRUPDWLRQ

,EUDKLP 05 +DZRUWK - DQG &KHQJ 7 D S8UEDQ L )U
VOXPV WUDQVSRUW PRGHV DQG SHGHVWULDQV LQ FLWLHV X\
(QYLURQPHQW DQG 30DQQLQJ % S8UEDQ $QDO\WLFV DQG &LW\
,EUDKLP BV DO E &\FOLQJQHW 'HWHFWLQJ F\FOLQJ QHDU PL
FRPSOH[ XUEDQ VFHQHV ZLWK GHHS OHDUQLQJ ,(7 ,QWHOOLJF

b

,EUDKLP B DO &\FOLQJ QHDU PLVVHV D UHYLHZ RI WKH FX
DQG WKH SRWHQWLDO RI DQ DL HPEHGGHG V\VWHP 7UDQVSRU
,UDQQH]KDG ( 3UDWR & * DQG +LFNPDQ 0 $Q LQWH
SURWRW\SH IRU KLQWHUODQG SRUW ORJLVWLFV 'HFLVLRQ 6X:
-LQGD®W, DO 2SWLPL]LQJ WD[L FDUSRRO SROLFLHV YLD UHLC
WHPSRUDO,®LQLQY ,OQWHUQDWLRQDO &RQIHUHOFH RQ %LJ 'DW
.DPDULDQDNLV < DQG 3UDVWDFRV 3 YRUHFDVWLQJ WU
QHWZRUN &RPSDULVRQ RI PXOWLYDULDWH DQG XQLYDULDWH
5SHFRUG b

.DQJ < /HH 6 DQG 'R &KXQJ % /HDUQLQJ EDVHG OR.
IRU FURZGVRXUFHG SDUFHO GHOLYHU\ &RPSXWHUV ,QGXVWL
.DUODIWLY 0 * DQG 90DKRJLDQQL (, 6WDWLVWLFDO Pl
WUDQVSRUWDWLRQ UHVHDUFK 'LIITHUHQFHV VLPLODULWLHV D
3DUW & (PHUJLQJ 7THFKQRORJLHV b

.KDGLONDU + $ VFDODEOH UHLQIRUFHPHQW OHDUQLQJ I

,((( TUDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VW
.LHOD HW DO 5HYLHZ RI Y [PLRW VWDQGDUGY DQG IUDPHZRU
6FLHQFHYV

/L ; DQG &KHQ $ VXUYH\ RQ GHHS OHDUQLQJ EDVHG S
6LJQDO 3URFHVVLQJ
/ILX 4 DQG ;X - 7UDIILF VLIQDO WLPLQJ RSWLPL]DWLRQ

GLIIHUHQWLDO HYROXWLRQ EDFWHULD IRUDJLQJ DOJRULWKP
b

ODWRV *H® DO 6ROYLQJ SHULRGLF WLPHWDEOLQJ SUREOHP\

3XEOLF 7UDQVSRUW b

OLOHWLHEWODO $ UHYLHZ RI UHLQIRUFHPHQW OHDUQLQJ DSSO

VLIQDO FRQWURO ,(7 ,QWHOOLJHQW 7UDQVSRUW B6\WWHPV

OR <HW DO 5HYLHZ WKH VWDWH RI WKH DUW WHFKQRORJLH\

RQ GHHS OHDUQLQJ 1HXURFRPSXWLQJ b

ORVWDID 76 DQG 7DODDW + ,QWHOOLJHQW JHRJUDSKL

URXWLQJ LJLV YU $ PR®HMKQJIQWBEARRURQDO ,((( &RQIHUHC

7UDQVSRUWDWLR@(6\VWHPV

3DO 6HW DO 'HHS OHDUQLQJ LQ PXOWL REMHFW GHWHFWLR:

$SSOLHG ,QWHOOLJHQFH b

5HQ <HW DO $ K\EULG LQWHJUDWHG GHHS OHDUQLQJ PRGHO

VSDWLR WHPSRUDO IORZ YROXPHV ,QWHUQDWLRQDO -RXUQDC
b

5HQ < &KHQJ 7 DQG =KDQJ < '"HHS VSDWLR WHPSRL
URDG QHWZRUN EDVHG GDWD PRGHOLQJ ,QWHUQDWLRQDO -R>
b
5RVHQIHOG $ &RPSXWHU YLVLRQ EDVLF SULQFLSOHV 3
[5)

6KL 'HW DO 2SWLPDO WUDQVSRUWDWLRQ QHWZRUN FRPSDQ
GHWHUPLQLVWLF SROUAOHVYGLOIRW L WKPV 6IVWHPV DQG $SS
,OWHUQDWLRQDO &RQIHWRQRODXBZES+X086% b 6SULQJIHU

[5)

6LOYHWW DO ODVWHULQJ WKH JDPH RI JR ZLWK GHHS QHXUD
1IDWXUH p



6PLWK % / DQG 'HPHWVN\ O - 7UDIILF IORZ IRUHFDVWLC
DSSURDFKHV -RXUQDO RI 7UDQVSRUWDWLRQ (QJLQHHULQJ
6PLWK % / :LOOLDPV % 0 DQG 2VZDOG 5 . &RPSDUL
QRQSDUDPHWULF PRGHOV IRU WUDIILF IORZ IRUHFDVWLQJ 7U|
7HFKQRORJLHYV b
6XWWRQ 56 DQG %DUWR $ * 5HLQIRUFHPHQW /HDUQLQ
7DPDJDZD ' 7DQLJXFKL ( DQG <DPDGD 7 (YDOXDWL
D PXOWL DJHQW PRGHO 3URFHGLD 6RFLDO DQG %HKDYLRUDO
7DQJ - /L 6 DQG /LX 3 $ UHYLHZ RI ODQH GHWHFWL
OHDUQLQJ 3DWWHUQ 5HFRJQLWLRQ
9DQ /LQW - +RRJHQGRRUQ 6 DQG YDQ =X\OHQ + - $
SUHGLFWLRQ ZLWK VWDWH VSDFH QHXUDO QHWZRUNV XQGHU |
& (PHUJLQJ 7THFKQRORJLHYV b b
9HUHV 0 DQG ORXVVD 0 '"HHS OHDUQLQJ IRU LQWHOOLJ
RI HPHUJLQJ WUHQGV ,((( TUDQVDFWLRQV RQ ,QWHOOLJHQW 7
b

9LNKDUHY 6 DQG /LDSXVWLQ 0 SHLQIRUFHPHQW OHDUQ
PRGHOIQJ3)3 &RQIHUHQFH 3UBFHBGEQUVKLQJ YRO
90DKRJLDQQL (, .DUODIWLV 0* DQG *ROLDV - & 61

ZH DUH DQG ZKHUH ZH UH JRLQJ 7UDQVSRUWDWLRQ 5HVHDUF}
b

':DOL 6MM DO 9LVLRQ EDVHG WUDIILF VLIQ GHWHFWLRQ DQGC
WUHQGVY DQG FKDOOHQJHV B6HQVRUV

':DOUDYHQ ( 6SDDQ 07 DQG %DNNHU % 7UDIILF IOF
OHDUQLQJ DSSURDFK (QJLQHHULQJ $SSOLFDWLRQV RI $UWLIL
'DQJ -HW DO $ VXUYH\ Rl YHKLFOH WR HYHU\WKLQJ Y [ WH)
'DQJ - DQG 6XQ / "\QDPLF KROGLQJ FRQWURO WR DYRL
GHHS UHLQIRUFHPHQW OHDUQLQJ IUDPHZRUN 7UDQVSRUWDW.L
7HFKQRORJLHYV

'HL +HW DO 5HFHQW DGYDQFHV LQ UHLQIRUFHPHQW OHDUQI
VXUYH\ RI PRGHOV DQG HYDOXDWLRQ $&0 6,*."" ((SORUDWLRQ)\

‘HOFK 7 ) DQG :LGLWD $ %LJ GDWD LQ SXEOLF WUDQVE
PHWKRGV 7UDQVSRUW 5HYLHZV =)
:LOOLDPV % 0 DQG +RHO / $ ORGHOLQJ DQG IRUHFDVW

VHDVRQDO DULPD SURFHVV 7KHRUHWLFDO EDVLV DQG HPSLUL

(QILQHHULQJ P

‘X < DQG 7DQ + 6KRUW WHUP WUDIILF IORZ IRUHFDVWL

D K\EULG GHHS OHDURQUQLYISDRBEZROW DU;LY

'LDR #W DO $ UHYLHZ RI REMHFW GHWHFWLRQ EDVHG RQ Gt

DQG $SSOLFDWLRQV b

<DQJ HW DO ,QIHUULQJ SDVVHQJHUV LQWHUDFWLYH FKRLF

OXOWL DIJHQW DSSUHQWBIRVKHS OHIMREREKIHUHQFH b

<DQJ = DQG 3XQ &KHQJ / 6 9HKLFOH GHWHFWLRQ LQ LC

LWV DSSOLFDWLRQV XQGHU YDU\LQJ HQYLURQPHQWYV $ UHYLH
b

<DR * /HL 7 DQG =KRQJ - $ UHYLHZ RI FRQYROXWLF
UHFRJQLWLRQ 3DWWHUQ 5HFRIJQLWLRQ /HWWHUV b
<X % <LQ + DQG =KX = 6SDWLR WHPSRUDO JUDSK F

OHDUQLQJ IUDPHZRUN IR UQUWRKHHFG RYHARY MIKEIU QD WLRQDO -
&RQIHUHQFH RQ $UWLILFLDPO ,QWHOOLJHQFH

<X ; DQG ODULQRY 0 $ VWXG\ RQ UHFHQW GHYHORSPH(
GHWHFWLRQ V\VWHPV IRU DXWRPDWHG YHKLFOHV 6XVWDLQDE
=KDQJ HW DO D $ FRPSUHKHQVLYH VXUYH\ Rl YLVLRQ EDVHG
PHWKRGYV 6HQVRUV

=KDQJ BW DO E *UDSK FRQYROXWLRQDO QHWZRUNV $ FRPSU
&RPSXWDWLRQDO 6RFLDO 1HWZRUNYV

=KDQJ < &KHQJ 7 DQG 5HQ < F $ JUDSK GHHS OHDU
IRUHFDVWLQJ RQ ODUJH URDG QHWZRUNV &RPSXWHU $LGHG &



b

=KDR HW DO IVWP QHWZRUN $ GHHS OHDUQLQJ DSSURDEFK |
(7 , QWHOOLJHQW 7UDQVSRUW 6\VWHPYV

“KRX < )X 5 DQG :DQJ & /HDUQLQJ WKH FDU IROOR
PD[LPXP HQWURS\ GHHS LQYHUVH UHLQIRUFHPHQW OHDUQLQJ
[

*HR$, IRU +XPDQLWDULDQ $VVLVWDQFH

$EHO *HW DO &OLPDWH FRQIOLFW DQG IRUFHG PLJUDWLRQ
[5)

$OHJIJDQD HWSDO )JLQH UHVROXWLRQ PDSSLQJ Rl SRSXODWLRC
GHYHORSPHQW DSSOLFDWLRQV -RXUQDO RI 7KH 5R\DO 6RFLH\
$OIRQVH®W DO 6LPXODWLRQ RI FORVH WR UHDOLW\ SRSXODW
ZLWK DSSOLFDWLRQ WR (8 6,/& B6WDWLVWLFDO OHWKRGV $SS
$UQGW - DQG /XQJD 6DPSOLQJ VXEMHFWLYH SRO\JRQ
ODQG XVH FODVVLILFDWLR® *$666DWHOOLWH (LRDAHYQDWLRQD:
*HRVFLHQFH DQG 5HPRWH 6HQVLBJ 6|PSRVLXP

$UQGW - DQG /XQJD /DUJH VFDOH FODVVLILFDWLRQ R
VHQVLQJ LPDJHU\ ,((( -RXUQDO Rl 6HOHFWHG 7RSLFV LQ $SSO
BHQVLQJ b

%DWW\ 0 &LWLHV DQG &RPSOH[LW\ 8QGHUVWDQGLQJ &l
%DVHG ORGHOV DQG )UDFWDOV %RVWRQ 7KH 0,7 3UHVV
%HFNPDQ 5 - %DJJHUO\ .$ DQG OF.D\ 0 &UHDWLQ
SRSXODWLRQV 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW $ 3ROLF\
%HLQH 0 DQG -HXVHWWH / $ PHWD DQDO\VLV RI WKH O
PLJUDWLRQ -RXUQDO RI 'HPRJUDSKLF (FRQRPLFV b
%HQHQVRQ , DQG 7RUUHQV 3 0 *HRVLPXODWLRQ $XWR

3KHQRPHQD /RQGRQ -RKQ :LOH\ B6RQV /WG

%KDGXUHWMDO /DQGVFDQ XVD D KLJK UHVROXWLRQ JHRVSD\
DSSURDFK IRU SRSXODWLRQ GLVWULEXWLRQ DQG G\QDPLFV *
%ODFNHB DO D 7KH HIIHFW Rl HQYLURQPHQWDO FKDQJH RQ K

(QYLURQPHQWDO &KDQJH 6 b6
%ODFNHB DO E OLJUDWLRQ DV DGDSWDWLRQ 1DWXUH
%OXPHQVWRFN - 'RQ W IRUJHW SHRSOH LQ WKH XVH RI

%RVFR H&W DO ([SORULQJ WKH KLJK UHVROXWLRQ PDSSLQJ R
GHYHORSPHQW LQGLFDWRUV -RXUQDO RI 7KH 5R\DO 6RFLHW\
%XUULV HW DO 8QFHUWDLQW\ TXDQWLILFDWLRQ WHFKQLTXH
GHULYHG IURP VSDUVH RGHRNREIFH GDWHRVSDWLDOY,ROR)XVL
b
%XUULV HW DO ODFKLQH OHDUQLQJ IRU WKH DFWLYDWLRQ R
HYDFXDWLRQ, ((( *OREDO +XPDQLWDULDQ 7THFKQRORMR&EZRQIHUH
b

&DUYDOKDHIW DIO D $ VSDWLDOO\ QRQ VWDWLRQDU\ DSSURDF
SXVK IDFWRUV IRU LQWHBRPMWILR@PICHRPFHIYDWHIRWDFK 1IHWZRUN
&DUYDOKDHW D/IO E ,QWHJUDWLQJ VSDWLDO DQG HWKQRJUDSE
UHVHDUFK $ WKLFN PDSSLQJ DSSURDFK |IREQKQOUOM RD QUK H DAPLH
$VVRFLDWLRQ RI *HRJUDSKHUV

&DUYDOKDHNWT7D®D $Q RYHUYLHZ V\QWKHVLV RI GLVDVWHU |
FRPSOH[LW\ SHUVSHFWLYH ,QWHUQDWLRQDO -RXUQDO RI '"LVEL

&DVDOL < $\GLQ 1 < DQG &RPHV 7 ODFKLQH OHDUQ
DUHDV D VFRSLQJ UHYLHZ 6XVWDLQDEOH &LWLHV DQG 6RFLH
&RSSL * ORUHQR -LPHQH] 5 DQG .\ULD]L 6 ([SOLFDE

PDWWHU RI SULQFLSOHV -RXUQDO RI ,QWHUQDWLRQDO +XPDQ



&URRNVH®W DO $JHQW EDVHG PRGHOLQJ DQG WKH FION\ $ JD(
6KL 0) *RRGFKLOG 0 %DWW\ 03 .ZDQ DQG $ =KDQJ HG"
6SULQJHU &K b

&XWWHU 6/ DQG )LQFK & 7THPSRUDO DQG VSDWLDO FKI
KDIDUGV 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQF
GH %ODVLR * ", JQD]JLR % DQG /HWWD O *RWKDP FL\

PXQLFLSDOLWLHYV ZLWK PDFKLQH OHDUQLQJ 7HFKQRORJLFDO

'LDV #HW DO D +XPDQ PDFKLQH FROODERUDWLRQ IRU UHXVDE

UHPRWH VHQVLQJ LPBUHVHD@BIG\DIW WKH ,&0/ :RUNVKRS R

&ROODERUDWLRQ DQG 7HDPLQJ

'LDV 3 DQG /XQJD (PEHGGLQJ HWKLFV DQG WUXVWZR!

VFLHQFHV :KHUH GR,ZH5BEHJLQ" ((( OWHUQDWLRQDO *HRV

5HPRWH 6HQVLQJ 6|PSRVLXP

'LDV #HW DO E ORGHO DVVXPSWLRQV DQG GDWD FKDUDFWHUL

DGDSWDWLRQ LQ EXLOGLQJ VHIPHQWDWLRQ ,((( 7TUDQVDFWLR

b

'RGJVRQ HW DO $ IUDPHZRUN IRU WKH HWKLFDO XVH RI DGYL

LQ WKH KXPDQLWDWDDEF VHEWHR O QG (WKLFV *URXS

'XUVW ' [/IPPHO * DQG .O%SIHO + /DUJH VFDOH PXO

ZLWK DQ DSSOLFDW,LIRIHBRVKDPEXUDQG (YDFXDWLRQ '\QDPLFV
[5)

(SVWHLQ -0 DQG $[WHOO 5/ *URZLQJ SUWLILFLDO 6RF
%RWWRP 8S %RVWRQ 7KH 0,7 3UHVYV

JHLWRVD ) ) /IH 4 % DQG 90HN 3/ OXOWL DIJHQW VL
PDVXV $ WRRO WR H[SORUH DOWHUQDWLYHV IRU SURPRWLQ.
DQG 8B8UEDQ 6\VWHPYV p

JORZHUGHZ 5 DQG $LWNLQ O $ PHWKRG RI ILWWLQJ WK
GLVWULEXWLRQ -RXUQDO RI 5HIJLRQDO 6FLHQFH =)

JRWKHULQJKDHW 6 7KH 'HYHORSPHQW RI D OLJUDWLRQ ORG'

‘DOHV 2YHUYLHZ DQG ORGHOOLQJ 2XW OLJUDWLRQ (QYLURQP

6SDFH b

JRWKHULQJKDP $6 <DQJ : DQG .DQJ : OXOWLVFDOF

5HJUHVVLRQ $QQDOV RI WKH $PHULFDQ $VVRFLDWLRQ RI *HRJ

JRWKHULQJKDP $ $ QHZ VHW Rl VSDWLDO LQWHUDFWLRC

GHVWLQDWLRQV (QYLURQPHQW DQG 30DQQLQJ $ (FRQRP\ DQ!

JUD]LHU 7 DQG $OIRQV $ *HQHUDWLQJ D FORVH WR UH|

6RFLDO 6FLHQFH 5HVHDUFK 1HWZRUN

*DUFLD BW DO ORGHOLQJ LQWHUQDO PLJUDWLRQ IORZV LQ \

PLFURGDWD OLJUDWLRQ 6WXGLHV

*HWKLQMHW DO &UHDWLQJ VSDWLDO LQWHUSRO'DW[EF.M)WIX[DJ(DD

$0DOI\VLV 5BRUWYS

+HOELQJ ' DQG OROQDU 3 6RFLDO IRUFH PRGHO IRU SH
)

(

-D\DFKDQGUDQ 6 %LUDGDYROX 0 DQG &RRSHU - 8V
TXDOLWDWLYH LQWHUYLHZV WR GHVLJQ D ILYH TXHVWLRQ VXU
'"HYHORSPHQW

.QLSSHQEHUJ ( -HQVHQ 1 DQG &RQVWDV 0 4XDQWL
KLJK IUHTXHQF\ GDWD 7HPSRUDO G\QDPLFV DQG PHWKRGROR.
[

.UDHPHU 0 ®BW DO 8WLOL]JLQJ JHQHUDO KXPDQ PRYHPHQW PF
RI HPHUJLQJ LQIHFWLRXV GLVHDVHV LQ UHVRXUFH SRRU VHWYV
XIIHU BW DO 7KH PLVVLQJ PLOOLRQV LQ PDSV ([SORULQJ F
JOREDO JULGGHG SRSXODWLRQ GDWDVHWV ,6356 ,QWHUQDWL
. XQHU BW DO +DQGERRN RQ 'DWD 3URWHFWLRQ,QQ HYOD QLR
&RPPLWWHH RI WKH 5HG &URVV

/IDL 6HW DO  ([SORULQJ WKH XVH RI PRELOH SKRQH GDWD IRU
3DOJUDYH &RPPXQLFDWLRQV b



/'PPHO * .0%SIHO + DQG 1DJHO . 7KH PDWVLP QHW
VLPXODWLRQ DGDSWHG WR ODUJH VFDOH HPHUJHQF\ HJUHVYV I
LQGRQHVLDQ FLW\ Rl SDGDQJ LQ F Q\8H ®H DWWV B Q D% H KZDYULQRLLQ J

*URXS 3XEOLVKLQJ /LPLWHG b

IH 4 % 3DUN 6 - DQG 90HN 3/ /IDQG XVH G\QDPLF V
VIVWHP PRGHO IRU VLPXODWLQJ VSDWLR WHPSRUDO G\QDPLF\
(FRORJLFDO ,QIRUPDWLFV b

JHVOLH 8QGHUVWDQGLQJ DUWLILFLDO;LQSHESULOQFH
DU;LY

/L *HRDL :KHUH PDFKLQH OHDUQLQJ DQG ELJ GDWD FF

6SDWLDO ,QIRUPDWLRQ 6FLHQFH

/IXFD OHW DO 'HHS OHDUQLQJ IRU KXPDQ PRELOLW\ &R¥XUYH
DEV

/XQJD HW DO 5HVIORZ $ UHPRWH VHQVLQJ LPDJHU\ GDWD I¢
JHQHUDOL]DWLRQ ,((( -RXUQDO RI 6HOHFWHG 7RSLFV LQ $SSO
BHQVLQJ

/IXQJD HW DO $SDFKH VSDUN DFFHOHUDWHG GHHS OHDUQLQ
VDWHOOLWH LPDJH DQDO\WLFV ,((( -RXUQDO RI 6HOHFWHG 7R
5HPRWH 6HQVLQJ b

/IXQJD HW DO *HR$, DW $&0 6,*63$7,$/ 7KH 1HZ JURQWLHU RI
,QWHOOLJHQFH 5HVHDUFK

ODUWQH] 5LYHWDDO® $ WUHDWPHQW HIIHFW PRGHO WR TXDQW
GLVDVWHU LPSDFWV WKH FDVH RI KXUULFDQH PDULD LQ SXHU
OF$XOLIIH 0 DQG 7ULDQGDI\OOLGRX $ 'RUOG OLJUDWLE
,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU OLJUDWLRQ ,20

OF/HPDQ BW DO (QYLURQPHQWDO PLJUDWLRQ DQG GLVSODFI
GRQ W N@RXULHU (QYLURQPHQWDO OLJUDWLRQ :RUNVKRS
OLOE£Q *DUFDV PO &OLPDWH FKDQJH LQGXFHG PLJUDWLRQ D
*OREDOL]DWLRQ DQG +HDOWK

OLOOHU ( - 7UDQVSRUWVDBKIRQOPRGRAGEKLOG 0 %DWW
DQG $ =KDQJ HGV 8UEDQ ,QIRUPDWLFV 6LQJDSRUH 6SULQJ
OLWFKHOO 0 $Q ,QWURGXFWLRQ WR *HQHWLF $OJRULWK
OXQQLFK 5 DQG 6FKXUOH - 2Q WKH VLPXODWLRQ RI FR
DSSO\LQJ WKH JHUPD @&4(F8 BAWADY¥K 3DSHU 6HULIHR/ 1RS
1DJHO . DQG 6FKUHFNHQEHUJ 0 $ FHOOXODU DXWRPDW
GH 3K\VLTXH b

1HZPDQ O ( - 7KH VWUXFWXUH DQG IXQFWLRQ RI FRPSO}

b

2UWL] ' $ *HRJUDSKLF LQIRUPDWLRQ V\VWHPV JLV LQ |
DQDO\VLV 3DWKZD\V $ -RXUQDO RI +XPDQLVWLF DQG 6RFLDO
3DJHOV + 7KH '"UHDPV RI 5HDVRQ 86%$ 6LPRQ 6FKXVWH
3DQGH\ % %UHOVIRUG & DQG 6HWR . & ,QIUDVWUX|

XUEDQL]DWLRQ 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI €
SHUVHOGRV &0 'HHS OHDUQLQJ DQG HDUWK REVHUYDWLRQ W
GHYHORSPHQW JRDOV &XUUHQW DSSURDFKHV RSHQ FKDOOHC

*HRVFLHQFH DQG 5HPRWH 6HQVLQJ ODJD]LQH b

3L]JL 0 B5RPDQRII 0 DQG (QJHOKDUGW 7 $, IRU KXPI
DQG HWKLFV ,QWHUQDWLRQDO 5HYLHZ RI WKH 5HG &URVYV
3UHVQHU 7 6KHSDUG ' DQG .DZDQR < +\SHUFLWLHV

+XPDQLWLHV 8&/$ 3UHYLRXVO\ 3XEOLVKHG :RUNV 8&/$ H6FKR
4XLQQ -H® DO +XPDQLWDULDQ DSSOLFDWLRQV RI PDFKLQH ¢
GDWD UHYLHZ DQG FDVH VWXG\ LQ UHIXJHH VHWWOHPHQW PD
5R\DO 6RFLHW\ $ ODWKHPDWLFDO 3K\VLFDO DQG (QJLQHHULQ
5HGG\ 7 $ 5HVLOLHQFH RI FRPSOH[ DGDSWLYH V\VWHPV
HQJLQHHULQJ HGXFDWLRQ DQG UHVHDUFK $60( -RXUQDO RI (Q
DQG &LWLHV



6DOODKIW DO ODWKHPDWLFDO PRGHOV IRU SUHGLFWLQJ KXP
LQIHFWLRXV GLVHDVH VSUHDG LQWURGXFLQJ WKH LPSHGDQF
*HRJUDSKLFV

6DSU\NLQ $ &KRNDQL 1 DQG $EKDUL 5 6 $FFHOHUD
UHVSRQVLYH WUDQVSRUW VLPXODWLRQV ZLWK JSXV )XWXUH °
6FKLDYLQ®WODO *+6/ 'DWD 3DFNDJH *+6 %8,/7 65 $ *+6
VXUIDFH JULG GHULYHG IURP 6HQWLQHO FRPSRVLWH DQG /D
6FKLQGOHU - $ERXW WKH XQFHUWDLQWLHV LQ PRGHO G
ZLWK D ODQG XVH PRGHO -RXUQDO RI $UWLILFLDO 6RFLHWLH\
6SLHOPDQHB/ (DO (YDOXDWLQJ VRFLDO YXOQHUDELOLW\ LQGI
DSSOLFDWLRQ WR WKH VRFLDO YXOQHUDELOLW\ LQGH[ 1DWXL
6WHZDUWW5DO $ ED\HVLDQ PDFKLQH OHDUQLQJ PRGHO IRU H
IURP RSHQ VRXUFH GDWD 1DWXUDO +D]DUGV

6XPEXO HW DO  %LJ(DUWKIHW $ /DUJH 6FDOH %HQFKPDUN $L
,PDJH 8QGHUVARBG®ILUQUY RUJ DEV

7DXEHQERFAW ©O ODVW PLOH SUHSDUDWLRQ IRU D SRWHQ\
DSSURDFK WRZDUGV WVXQDPL HDUO\ ZDUQLQJ DQG DQ HYDFXI
FLW\ RI SDGDQJ LQGRQHVLD 1DWXUDO +D]DUGV DQG (DUWK 6

7VHJIDL ' DQG /H 4 % 'LVWULFW OHYHO VSDWLDO DQDO
'"HWHUPLQDQWY DQG LPSGUFOWERQVLIRQY HRSHWFVY RQ 'HYIHRORSP
SS

S8WD]L HW DO +LJK UHVROXWLRQ DJH VWUXFWXUHG PDSSLQJ
FRYHUDJH LQ ORZ DQG PLGGOH LQFRPH FRXQWULHV 9DFFLQH
9HUMHH ) 7KH DSSOLFDWLRQ RI JHRPDWLFV LQ FRPSOH]|
RI +XPDQLWDULDQ $VVLVWDQFH

9LOODPRWW O  %LRGLYHUVLW\ LQ UXEEHU DJURIRUHVWV F
OLYHOLKRRGYV $Q DJHQW EDVHG PRGHO RI ODQG XVH G\QDPLF
ORGHOOLQJ 6RIWZDUH b

9LQXHVDHW DO 7KH UROH RI DUWLILFLDO LQWHOOLJHQFH LQ
GHYHORSPHQW JRDOV 1DWXUH &RPPXQLFDWLRQV b
‘DGGHOO 3 SBUEDQVLP ORGHOLQJ XUEDQ GHYHORSPHQW
HQYLURQPHQWDO SODQQLQJ -RXUQDO RI WKH $PHULFDQ 30DC
':DUGURSHW DO 6SDWLDOO\ GLVDJJUHJDWHG SRSXODWLRQ H
QDWLRQDO SRSXODWLRQ DQG KRXVLQJ FHQVXV GDWD 3URFHH
6FLHQFHYV b

'HVRORZVMW O 7KH XVH Rl FHQVXV PLJUDWLRQ GDWD WR [
PRYHPHQW SDWWHUQV DFURVV WHPSRUDO VFDOHV 3/26 21(
‘:LOVRQ $ $ IDPLO\ Rl VSDWLDO LQWHUDFWLRQ PRGHOV
(QYLURQPHQW DQG 30DQQLQJ $ (FRQRP\ DQG 6SDFH b
'LVHWMLQGDHMWWO: ORGHOLQJ GLVDVWHU UHVSRQVH RSHUDW
YXOQHUDELOLW\ -RXUQDO RI WKH (DVWHUQ $VLD 6RFLHW\ IRU
<DQJ +HW DO %XLOGLQJ H[WUDFWLRQ DW VFDOH XVLQJ FRQ
0DSSLQJ RI WKH XQLWHG VWDWHV ,((( -RXUQDO RI 6HOHFWHG
DQG 5HPRWH 6HQVLQJ b

*HR$, IRU 'LVDVWHU 5HVSRQVH

%ULWLVK *HRORJLFDO 6XUYH$VVHVVPHGEHORIR/DOQGVOLGHV XVL
WLPH ORQLWRULQUIBWWHKPHURORJILFDO 6XUYH\ 5HWULHYHG 0D
KWWSV ZZZ EJV DF XN JHRORJ\ SURMHFWV JHRSK\VLFDO WRP
&DL + 1 6 /DP < 4LDQJ / =RX 5 0 &RUUHOO DQG 9 0
GLVDVWHU UHVLOLHQFH PHDVXUHPHQW PHWKRGV DQG LQGLFH
5HGXFWLRQ b

'HQJ + ' 3 $OGULFK 0 0 'DQJLJHU - *DR 1 ( 3KLOOLS\
'DQJ +LJK UHVROXWLRQ KXPDQ PRELOLW\ GDWD UHYHDO
HYDFXDWLRQ SDWWHUQV +XPDQLWLHV DQG 6RFIDO 6FLHQFHYV



'HYOLQ - 0 : &KDQJ . /HH DQG . 7RXWDQRYD %HUV
ELGLUHFWLRQDO WUDQVIRUPHUV DR ® BQHSIH WQIUWHUVYWDQ G

'RQJ ( + 'X DQG / *DUGQHU $Q LQWHUDFWLYH ZHE EI
LQ UHDO WLPH 7KH /DQFHW ,QIHFWLRXV 'LVHDVHYV
'RQJ / DQG - 6KDQ $ FRPSUHKHQVLYH UHYLHZ RI HDUW

GHWHFWLRQ ZLWK UHPRWH VHQVLQJ WHFKQLTXHV ,6356 -RXU!
6HQVLQJ b

*DR 6 - 5DR < .DQJ < /LDQJ DQG - .UXVH 0DSSLQ
SDWWHUQ FKDQJHV LQ WKH XQLWHG VWDWHY LQ UHVSRBVH W|
*DR 6 - 5DR ; /LX < .DQJ 4 +XDQJ DQG - $SS (I

JHRPDVNLQJ WHFKQLTXHV IRU SURWHFWLQJ WKH JHRSULYDF\ |
,QIRUPDWLRQ 6FLHQFH b

+X 7 6 :DQJ % B6KH 0 =KDQJ ; +XDQJ < &XL - .KXUL
DO +XPDQ PRELOLW\ GDWD LQ WKH FRYLG SDQGHPLF
FKDOOHQJHV ,QWHUQDWLRQDO -RXUQ@DO RI 'LJILWDO (DUWK
+XDQJ ; & :DQJ DQG = /L $ QHDU UHDO WLPH IORRG
VRFLDO PHGLD DQG SRVW HYHQW VDWHOOLWH LPDJHU\ $QQDC
-DQRZLF] . 6 *DR * OF.HQJLH < +X DQG % %KDGXUL

DUWLILFLDO LQWHOOLJHQFH WHFKQLTXHV IRU JHRJUDSKLF NQ
-RXUQDO RI *HRJUDSKLFDO ,QIRUPIPWLRQ 6FLHQFH

-LDQJ < = /L DQG 6 / &XWWHU 6RFLDO QHWZRUN DF

HYDFXDWLRQ ZKDW FDQ VRFLDO PHGLD WHOO XV" $QQDOV RI
b

.U\YDVKH\HX < + &KHQ 1 2EUDGRYLFK ( ORUR 3 9DQ +

&HEULDQ 5DSLG DVVHVVPHQW RI GLVDVWHU GDPDJH XVL

$GYDQFHV H

/IDP 1 6 1 < - :X . % /LX ' ( 'LVPXNHV 0 5HDPV 5

1DUUD . /L 7 $ %LDQFKHWWH HW DO 8QGHUVWDQGI

FRXSOHG QDWXUDO KXPDQ V\VWHP 5HVHDUFK PHWKRGV FKDC

/HH & & 0 ODURQ DQG $ ORVWDIDYL &RPPXQLW\ VFD

LPSDFWV RI WKH WH[DV ZLQWHU VWRUP RI DQG LWV PDQDJ

6RFLDO 6FLHQFHV &RPPXQRFDWLRQV

/L / < )DQ 0 7VH DQG . < /LQ $ UHYLHZ RI DSSOLF]

&RPSXWHUV ,QGXVWULDO (QJLQHHULQJ

/L = & :DQJ & 7 (PULFK DQG ' *XR $ QRYHO DSSUR

PHGLD IRU UDSLG IORRG PDSSLQJ D FDVH VWXG\ Rl WKH v

*HRJUDSKLF ,QIRUPDWLRQ BFLHQFH
/LQ % / =RX 1 'XIILHOG $ ORVWDIDYL + &DL % =KRX
- $EHGLQ SHYHDOLQJ WKH OLQJXLVWLF DQG JHRJUDSKLF
FRYLG RXWEUHDN WKURXJK VRFLDO PHGLD ,QWHUQDBWLRQD
ODUWLQ < = /L DQG 6 / &XWWHU /HYHUDJLQJ WZLWYV
6SDWLRWHPSRUDO DQDO\VLV RI KXUULFDHQH PDWWKHZ 3/R6 2¢
OLKXQRY 9 9 1 + -DIDUL . :DQJ 1 6 /DP DQG ' *RYHQ
VXUYHLOODQFH IURP VRFLDO PHGLD ZLWK WRSLF PRGHOLQJ D
KDUYH\ ,QWHUQDWLRQDO -RXUQDO RI 'LNDVWHU 5LVN 6FLHQF
OLKXQRY 9 9 1 6 /DP / =RX = :DQJ DQG . :DQJ 8
UHVFXH OHVVRQV OHDUQHG IURP KXUULFDQH KDUYH\ ,QWHUC
b
1HOVRQ 7 0 *RRGFKLOG DQG ' :ULJKW $FFHOHUDWLC
JHRJUDSKLF LQIRUPDWLRQ VFLHQFH 3URFHHGLQJV RI WKH 1D
H
1H[ ) ' 'XDUWH ) * 7RQROR DQG 1 .HUOH 6WUXFW X
ZLWK GHHS OHDUQLQJ $VVHVVPHQW RI D VWDWH RI WKH DUW
6HQVLQJ
5D\ 3 3 0 OXNKHUMHH DQG / 6KX ,QWHUQHW RI WKL:¢
6WDWH RI WKH DUW DQG SURVSHMWV ,((( $FFHVV



6LPRQ\DQ . DQG $ =LVVHUPDQ 9HU\ GHHS FRQYROXWLR
UHFRJQDWURQSUHSULQW DU;LY

6RQJ ; 5 BKLEDVDNL 1 - <XDQ ; ;LH 7 /L DQG 5 $GDF
GHHS NQRZOHGJH RI KXPDQ HPHUJHQF\ EHKDYLRU DQG PRELOI
$&0 7UDQVDFWLRQV RQ ,QIRUPDWLRQP6\WVWHPV 72,6

6RQJ ; 4 =KDQJ < BHNLPRWR DQG 5 6KLEDVDNL 3U
EHKDYLRU DQG WKHLU PRELOLW)\ |R GURFIHHIG D Q U\VHR NFKDH G L \
6,*."  OWHUQDWLRQDO &RQIHUHQFH RQ .QRZOHGYH 'IBVFRYHU|
'DQJ - < +X DQG . -RVHSK IHXURWSU $ QHXUR QHW
H[WUDFWLQJ ORFDWLRQV IURP VRFLDO PHGLD PHVWDJHV 7UD(
'DQJ . 1 6 /DP |/ =RX DQG 9 OLKXQRY 7ZLWWHU XV
LPSOLFDWLRQV IRU GLVDVWHU UHVLOLHQFH ,6356 ,QWHUQDW
<DEH 7 < =KDQJ DQG 6 9 8NNXVXUL AXDQWLI\LQJ Wi
RQ EXVLQHVVHV XVLQJ KXPDQ PRELOLW\ GDWD D ED\HVLDQ FI
6FLHQFH

<XDQ ) DQG 5 /LX OLQLQJ VRFLDO PHGLD GDWD IRU UDS
KXUULFDQH PDWWKHZ )HDVLELOLW\ VWXG\ -RXUQDO RI &RPS}

=KDL : DQG = 5 3HQJ 'DPDJH DVVHVVPHQW XVLQJ JRRJ!
KXUULFDQH PLFKDHO LQ PH[LFR EHDFK IORULGD $SSOLHG *HI
=KDQJ % = &KHQ ' 3HQJ - $ %HQHGLNWVVRQ % /LX /

5SHPRWHO\ VHQVHG ELJ GDWD (YROXWLRQ LQ PRGHO GHYHORS
YLHZ@ 3URFHHGLQJV RI WKHp, (((

=KDR ) DQG & =KDQJ %XLOGLQJ GDPDJH HYDOXDWLRQ
OHDUQLQJ,(@ VW ,OQWHUQDWLRQDO &RQIHUHQFH RQ ,QIRUPD
'DWD 6FLHQFBS,5, b ,(((

=KRX % | =RX 4 < +X <LQJMLH DQG ' *ROGEHUJ 70
UHFRJQLWLRQ PRGXOH KDUQBVMLQSUHGH LVQMQBG; EXUW

=KRX % / =RX $ ORVWDIDYL % /LQ O <DQJ 1 *KDUDLE

0DQGDO 9LFWLPILQGHU +DUYHVWLQJ UHVFXH UHTXHVWYV
ZLWK EHUW &RPSXWHUV (QYLURQPHQW DQG 8UEDQ 6\WWHPYV
=RX / 1 6 /DP + &DL DQG < 4LDQJ OLQLQJ WZLWWF

XQGHUVWDQGLQJ RI GLVDVWHU UHVLOLHQFH $QQDOV RI WKH
[5)

=RX / 1 6 /DP 6 6KDPV + &DL 0 $ OH\HU 6 <DQJ .

5HDPV 6RFLDO DQG JHRJUDSKLFDO GLVSDULWLHV LQ WZL
,QWHUQDWLRQDO -RXUQDO RI 'BJLWDO (DUWK
=RX / " /LDR 1 6 /DP 0 $ OH\HU 1 * *KDUDLEHK + &I

6RFLDO PHGLD IRU HPHUJHQF\ UHVFXH $Q DQDO\VLV RI L
KXUULFDQH KDUYH\ ,QWHUQDWLRQDO -RXUQDO RI 'LVDVWHU 5

*HR$, IRU 3XEOLF +HDOWK

$EGXONDUHHP 6 $ (QKDQFLQJ $JHQW %DVHG ORGHOV ZL
&RPSOH[ 'HFLVLRQ ODNLQJ 7KHVLV 3K' 8QLYHUVLW\ RI 7ZHQ
$EGXONDUHHPWE®  %D\HVLDQ QHWZRUNV IRU VSDWLDO OHD!
OLPLWHG VXUYH\ GDWD IRU LQWHOOLJHQW OHDUQLQJ LQ VSDV
b
$ERXEDNU + $ DQG 0DJG\ $ 2Q LPSURYLQJ WROO DFFXI
XQGHUVHUYHG FRPPXQLWLHV XVLQIURFHE GHQHVRWBE H5 D W D
6,*63%$7,%$/ ,QWHUQDWLRQDO :RUNVKRS RQ ORGHOLQJ DQG 8QG|
[

$GKLNDWHW % O 7KH WK LOQOWHUQDWLRQDO ZRUNVKRS RQ HSL
DQG NQRZOHGJH GLVFRYHU\ HSLQGIPAAHHGILQGB/KRI $EKH6, *. "’
&RQIHUHQFH RQ .QRZOHGJH 'LVFRYH®W | 'DWD O0LQLQJ



$GKLNDWHW®O (SLGHHS ([SORLWLQJ HPEHGGLQJYQIRU HSLG
SBURFHHGLQJW/KI $&KH6,*."" ,QWHUQDWLRQDO &RQIHUHQFH RQ .(
'DWD OLQLOW

$GKLNDWHW WO HSLGDPLN 7KH WK LQWHUQDWLRQDO ZRU
GDWD PLQLQJ DQG NQRZOQHGRFHE G\ IORYMRINGERHE, *. " &RQIHUHQF
RO .QRZOHGJH 'LVFRYHU| DQGPDWD 0LQLQJ

$GLIJD MW DO ODWKHPDWLFDO PRGHOV IRU &29,' SDQGHPLF
-RXUQDO RI WKH ,QGLDQ ,QVWLWXWH RI 6FLHQFH [
$JDUZDO 5 DQG %DQHUMHH $ ,QIHFWLRQ ULVN VFRUH

SURSDJDWLRQ EDVHG R@XXPEHHERQWIRWMKH, *63$7,%/
,OQWHUQDWLRQDO :RUNVKRS RQ ORGHOLQJ DQG 8QGBUVWDQGL
$JXVWR AW DO 7R LVRODWH RU QRW WR LVRODWH 7KH LPSE
&29," WUDQVPANGERQY

$MD\DNXPDU - &XUWLV $ DQG &XUWLV - $ FOXVWH!L
DQG DQDO\VLV RI &29,' ,PBVRAHHGIVOHPR BEUKE, *63%$7,3/
,OWHUQDWLRQDO :RUNVKRS RQ 6SDWLDO &RPSXWLQ@J IRU (SLG
$ODP 0O 7DQDND O DQG 7DQLPRWR - $ JDPH WKHRU
SRVLWLYH VHFRQGDU\ HIIHFW RI YDFFLQDWLRQ VFKHPH LQ DQ
6ROLWRQV )UDFWDOV b

$QGHUVRQ 7 DQG 'UDJLEHYLE & 1HDW DSSURDFK IRU W
QHWZRUN DJHQW EDVHG PRGHO SURFHVVHV FDVH VWXG\ RI LC
*HRJUDSKLFDO ,QIRUPDWLRQ 6FLHQFH b

$QGHUVRAWT7DO 3URFHHGLQJIVRBEMKE, *63$7,%/ ,QWHUQDWLROQ!
RO 6SDWLDO &RPSXWLQJ IRU (SLGHPS&DRJ| 6SDWLDO(SL
$QGHUVRRWT7DO D3URFHHGLQJPRBEMKE,*63%$7,%$/ ,QWHUQDWLRG
RQ 6SDWLDO &RPSXWLQJ IRU (SLGHPS®DRJ! 6SDWLDO(SL

$QGHUVRQ 7 <X - DQG =%IOH $ E 7KH VW DFP VLJV
PRGHOLQJ DQG XQGHUVWDQGLQJ WKH VSUHDG RI &29," 6,%6°
$URQ -/ DQG 6FKZDUW] , % 6HDVRQDOLW\ DQG SHULRC

HSLGHPLF PRGHO -RXUQDO RI 7TKHRUHWLFDO %LRORJ\

$]DG ) HW DO 6LUWHP 6SDWLDOO\ LQIRUPHG UDSLG WHVWL
UHVSRQVH WR &29,' $&0 7UDQVDFWLRQV RQ 6SDWLDO $0JRL
%DOGDVVDUH 0 +XPDQ VSDWLDO EHKDYLRU $QQXDO 5H
%DUUHWW BO (FRQRPLF DQG VRFLDO LPSDFW RI LQIOXHQ]D
GHPRJUDSKLF FODVV (SLGHPLFV b

%DXFK & G 2QRIULR $ DQG ODQIUHGL 3 %HKDYLRUI
GLVHDVHV DQ,RYRGHIOHZDJI WKH ,QWHUSOD\ %HWZHHQ +XPDQ ¢
,QIHFWLRXV 'LVHDVHV 6SULQJHU b

%HKHUD 6 'RJUD '3 DQG 6DWSDWK\ 0 (IIHFW RI PL.
VSUHDG RI &29," LQ RGLVKD $ FDVH VWXG\ $&0 7UDQVDFWL]
6\WWHPV b

%HUWVLPDV ' DQG .DOOXV 1 JURP SUHGLFWLYH WR SU
6FLHQFH P

%KDUWL 1 JLQNLQJ KXPDQ EHKDYLRUV DQG LQIHFWLRXV
$FDGHP\ Rl 6FLHQFHV

%LDQ / $ FRQFHSWXDO IUDPHZRUN IRU DQ LQGLYLGXDO
PRGHO (QYLURQPHQW DQG 30DQQLQJ % 30DQQLQJ DQG 'HVLJ
%OHL '0 1J $< DQG -RUGDQ O , /IDWHQW GLULFKOF
/HDUQLQJ 5HVHDUFK -DQ b

%REDVKHWW DO *HRVSDWLDO IRUHFDVWLQJ RI &29," VSUHLE
KRVSLWDO FDSDFLW\ 6,*63%$7,$/ 6SHFLDO b

%RVVHUMW $O /LPLWHG FRQWDLQPHQW RSWLRQV RI &29,' |
UHJLRQDO DJHQW EDVHG VLPXDDMW YRIUH SRUL ¢ R XB\K LDY1 U L F D
%UHDUFOLIIH '. DQG &URRNV $ &UHDWLQJ LQWHOOLJF
PRGHOLQJ ZLWK PDF IQBQR FMHBU QUY IR RPKHUHQFH RI 7KH &RPS
6RFLDO 6FLHQFH 6RFLHWI6RUWEHHBPHUWLFDV

%URRNV H/W& DO 1RQPHFKDQLVWLF IRUHFDVWV Rl VHDVRQDO
ZHHN DKHDG GLVWULEXWLRQV 3/R6 &RPSXWDWLRQDO %LRORJ



%XUNH H& DO ,QGLYLGXDO EDVHG FRPSXWDWLRQDO PRGHO
FRQWURO VWUDWHJILHYV $FDGHPLF (PHUJHQF\ OHGLFLQH
%XUWQHU 6 DQG OXUUD\ $ 7 &RYLG DQG PLQLPL]LQJ
7UDQVDFWLRQV RQ 6SDWLDO $OJRULWKPV DQG 6\WWHPYV
&DEDQDHW DO 8VLQJ PRELOH QHWZRUN GDWD WR FRORU HS|
SURFHHGLQJVRBEWKSE, *63%$7,8/ ,QWHUQDWLRQDO :RUNVKRS RQ
(SLGHPLRORJI
&DUGRVRHW DO ORGHOLQJ WKH JHRVSDWLDO HYROXWLRQ RI
WHPSRUDO FRQYROXWLRQDO VHTXHQFI$&0VR7VEDXBEG AH RMHX B
6|\VWHPV DQG $OJRULWKPV
&'& &RQWDFW WUDFL@MQRUWH&Z9|RU 'LVHDVH &RQWURO D
&KDL ' :DQJ / DQG <DQJ 4 %LNH IORZ SUHGLFWLRQ
QHWZRQBVRFHHGLQJWRI $&KH5,*63%7,$/ ,QWHUQDWLRQDO &RQI.
LQO *HRJUDSKLF ,QIRUPDWIRQ 6IVWHPYV
&KDR 'HW DO )OXWH D SXEOLFO\ DYDLODEOH VWRFKDVWLF
PRGHO 3/R6 &RPSXW %LRO H
&KHQ ( DQG OF.HQ]JLH * ORELOLW\ UHVSRQVH WR &29,"
\RUN FQWYRFHHGLQJQPRBEUKE, *63%$7,$/ ,QWHUQDWLRQDO :RUNV
&RPSXWLQJ IRU (SLGHPLRORJ| BSDWLDO(SL
&KHQ /K®W DO ORGHO DOLJQPHQW RI DQWKUD[ DWWDFN VLP>
6\WWHPV b
&RUR * DQG %RYH 3 $ KLJK UHVROXWLRQ JOREDO VFDC(
$&0 7UDQVDFWLRQV RQ 6SDWLDO $OJRULWKPV DQG 6\WVWHPV
&UDPHU HW DO (YDOXDWLRQ RI LQGLYLGXDO DQG HQVHPEO!
&29," PRUWDOLW\ LQ WKH XQLWHG VWDWHV 3URFHHGLQJV R
H
'DYLHV 1HW DO $JH GHSHQGHQW HIIHFWV LQ WKH WUDQVPLYV
HSLGHRIHG/5[LY
'HO 9DOOH 6 < OQLV]JHZVNL 6 0 DQG +\PDQ -0 ORGH
FKDQJHV RQ WKH VSUHDG RI, OD@GHPLRDILWRNHQWHUSOD\ %HW
%HKDYLRU DQG WKH 6SUHDG RI ,QIHFWLRXV 'LVHDVHV 6SULQJ
'HQJ 6HW DO &ROD JQQ &URVV ORFDWLRQ DWWHQWLRQ EDV
ORQJ WHUP L O QBWAFCHFRILRUWVKI 3&KH QWHUQDWLRQDO &RQIHU
,QIRUPDWLRQ .QRZOHGJH ®DQDJHPHQW
'LJQXP MW DO $QDO\VLQJ WKH FRPELQHG KHDOWK VRFLDO |
FRURYDQYLUXV SDQGHPLF XVLQJ DJHDWLEDSHESWR BID O WV L' X C

'RQJ < <X & DQG :LD [/ +LHUDUFKLFDO UHLQIRUFHP
LOQWHUYHQMWLRD ,QWHUQDWLRQDO . :RUNVKRS IRU 3UHVFULSV
RUOG 3$3:

" 2UD]JLR 0 %HUQDUGLQL * DQG 4XDJOLDULQL ( +RZ

VLPXODWLRQ PRGHO WRZDUGY WKH GHILQLWLRQ RI VWUDWHJL
EXLOGRQJNY SUHSULQW DU;LY

(ODUGHHW DO &KDQJH RI KXPDQ PRELOLW\ GXULQJ &29," $
VWXG\ 30R6 2QH H

(OVDNDHW DO &RUUHODWLRQ DQDO\VLV RI VSDWLR WHPSRUTL
SURFHHGLQJQRBEMKHE,*63%7,$/ ,QWHUQDWLRQDO :RUNVKRS RQ
(SLGHPLRORJ! 6SDWLDPO(SL

)DQ =HW DO +XPDQ PRELOLW\ EDVHG LQGLYLGXDO OHYHO HS
6,*63$7,$/ 6SHFLDO b

)DQ =HW DO +XPDQ PRELOLW\ EDVHG LQGLYLGXDO OHYHO HS
7UDQVDFWLRQV RQ 6SDWLDO $OJRULWKPV DQG 6\WWHPV
)DQWLFHOBW BC& 'DWD GULYHQ PRELOLW\ DQDO\VLYV DQG PRC
OLIH RI D PHWURSRGEW DY BRBXPADMIIRQRQ 6SDWLDO 61VWHPV
JUD]JHWWHRW 'DO  3UHVFULSWLYH DQDO\WLFV D VXUYH\ RI HP}
WHFKQRORJLHV 7KH 9/'% -RXUQDO b

YULDV ODUWLQH] ( :LOOLDPVRQ * DQG )ULDV ODUWLQH] 9
HSLGHPLF VSUHDG XVLQJ KXPDQ PRELOLW\,DQG VRFIPOUGHWZ
,OQWHUQDWLRQDO &RQIHUHQFH(R(Q 6RFLDO &RPSXWLQJ



)X ) HW DO ,PLWDWLRQ G\QDPLFV RI YDFFLQDWLRQ EHKDYLFR

B3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ % %LRORJLFDO 6FLHQFH

)XQN &W DO 1LQH FKDOOHQJHV LQ LQFRUSRUDWLQJ WKH G\

GLVHDVHY PRGHOV (SLGHPLFV b

)XQN 6 6DODWK« 0O DQG -DQVHQ 9 $ ORGHOOLQJ WK

WKH VSUHDG RI LQIHFWLRXV GLVHDVHV D UHYLHZ -RXUQDO R
b

*DR 6HW DO O0DSSLQJ FRXQW\ OHYHO PRELOLW\ SDWWHUQ =

UHVSRQVH WR &29," 6,*63%$7,$/ 6SHFLDO

*LQVEHUBW DO 'HWHFWLQJ LQIOXHQ]D HSLGHPLFV XVLQJ VH

1DWXUH b

*ROOHGJH 5 * 6SDWLDO %HKDYLRU $ *HRJUDSKLF 3HUV

*ROOZLWIHW D8O 3DUWLVDQ GLIIHUHQFHV LQ SK\VLFDO GLVWI]

RXWFRPHV GXULQJ WKH &29," SDQGHPLF 1DWXUH +XPDQ %H!

+DOGHU 1 .HOVR -. DQG OLOQH * - '"HYHORSLQJ JX

LOQWHUYHQWLRQV WR EH XVHG GXULQJ D IXWXUH LQIOXHQ]D S|

+HKPDQ HW DO (VWDEOLVKLQJ FRQVWUXFW YDOLGLW\ HYLGF
H[SOLFLW DQG LPSOLFLW UDFLDO ELDV -RXUQDO RI ([SHULPH:(
+HKPDQ ( 2IRVX (. DQG &DODQFKLQL - 8VLQJ HQYL
SUHGLFWLRQ RI UHJLRQDO LQWHUJURXS ELDV 6RFLDO 3V\FKR

+RHUWHRW 1D O $ VWRFKDVWLF DJHQW EDVHG PRGHO RI WKH
IDWXUH OHGLFLQH =)

+ROPGDKO , DQG %XFNHH & "URQJ EXW XVHIXORZKDW .
FDQ DQG FDQQRW WHOO XV 1HZ (QJODQG -RXUQDO RI OHGLFL¢
,PUDQ O 4D]JL 8 DQG 2I0L ) 7EFRY WZR ELOOLRQ P

VHQWLPHQW HQWLW\ JHR DQG JHQGHU ODEHOV 'DWD
,VODP HWW DO 6SDWLRWHPSRUDO SUHG BRARER® GRU O RYR N SMUKTH |
6,*63%$7,%8/ ,QWHUQDWLRQDO :RUNVKRS RQ /REFDWLRQ %DVHG 5}
IHWZRUNV DQG *HRDYHUWLVLQJ

-LQJ 4HW DO +RXVHKROG VHFRQGDU\ DWWDFN UDWH RI &29.
GHWHUPLQDQWYV LQ *XDQJ]JKRX &KLQD D UHWURVSHFWLYH FR
"LVHDVHV

.DQJ <HW DO OXOWLVFDOH G\QDPLF KXPDQ PRELOLW)\ IORZ G
&29," HSLGHPLF 6FLHQWLILF 'DWD b

.DUO W DO $ VSDWLDO VLPXODWLRQ PRGHO IRU GHQJXH YL
,QIHFWLRXV 'LVHDVHV b

.DYDN HW DO %LJ GDWD DJHQWV DQG PDFKLQH OHDUQLQJ
EDVHG PRGHOLQJOBERBREBK QB @XDUKBLPXODWLRQP6IPSRVLXF
.LDPDULHW DO &RYLG ULVN HVWLPDWLRQ XVLQQ D WLPH Y|
BURFHHGLQJVVRBEIKHE,*63%$7,8/ ,QWHUQDWLRQDO :RUNVKRS RQ
80GHUVWDQGLQJ WKH 6SUHIDG RI &29,'

LP -6 -LQ + DQG =%IOH $ D ([SHUW LQ WKH ORRS ¢
LQWHUYHQWLRQ,RUWSKLGEWHRMODWLRQDO .'' :RUNVKRS IRU 30U
WKH 3KIVLFDO :RUOG 3$3:

.LP - 6HW DO $GYDQFLQJ VLPXODWLRQ H[SHULPHQWDWLRQ F

LOWHUYHQWSBIQWI6LP (C P
.LP - 6HW DO E /RFDWLRQ EDVHG VRFLDO VLPXODWLRQ IRU S
VSUHDG 6,*63%$7,%/ 6SHFLDO )

.LP - 6HW DO F &RYLG HQVHPEOH PRGHOV XVLQJ UHSUHVHC(
6,*63%$7,%/ 6SHFLDO b

.ORPSDV 0 %DNHU 0 $ DQG 5KHH & $LUERUQH WUD
WKHRUHWLFDO FRQVLGHUDWLRQ®®¥$DQG DYDLODEOH HYLGHQFH
IDDWR HW DO 8QXVXDO SXUFKDVLQJ EHKDYLRU GXULQJ WKH
SDQGHPLF 7KH VWLPXOXV RUJDQLVP UHVSRQVH DSSURDFK -R
6HUYLFHYV



/IDPSHUWL ) B5RYHQWLQL $ DQG 6DQL $ $JHQW EDVF
OHDUQLQJ VXUURJDWHV -RXUQDO RI (FRQRPLF "\QDPLFV DQG
/JHH % KW DO $ FRPSXWHU VLPXODWLRQ RI YDFFLQH SULRUL
GXULQJ WKH KQ LQIOXHQ]D SDQGHPLF 9DFFLQH
/HSHQLRWW DO 3UHVFULSWLYH DQDO\WLFV /LWHUDWXUH UF
,QWHUQDWLRQDO -RXUQDO RI ,QIRUPDWLRQ ODQDJHPHQW

/L <HW DO 7UDIILF SUHGLFWLRQ LQ ,IDEURMHWIGR QURIBV \WWH F
6,*63%$7,%8/ ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV BQ *HF
JRSHV *BW DO OXOWLPDSV D WRRO IRU GHFLVLRQ PDNLQJ \
PXOWLSOH H®BGRPHF\GLQJIVRBEMKE, *63$7,$/ ,QWHUQDWLRQDO
6SDWLDO &RPSXWLQJ IRUP(SLGHPLRORJI

/JUSH] / )HUQEQGH] 0 DQG *LRYDQLQL / ,QIOXHQ]D
VRFLDO QHWZRUNV RI LQGLYLGXDOV ZLWK FRIJQLWLRQ PDSV ¢
IRUFK HW DO  4XDQWLI\LQJ WKH HIITHFWV Rl FRQWDFW WUDFL
PHDVXUHV LQ WKH SUHVHQFH RI LQIHFWLRQ KRWVSRWV $&0 7
6\WWHPV b

IXNHQV H8¥ DO $ ODUJH VFDOH LPPXQR HSLGHPLRORJLFDO VI

HSLGHPLFV %0& 3XEOLF +HDOWK =)

ODQIUHGL 3 DQG ' 2QRIULR $ ORGHOLQJ WKH ,QWHUSO!
6SUHDG RI ,QIHFWLRXV 'LVHDVHV 6SULQJHU 6FLHQFH %XVLQ
ODR / ORGHOLQJ WULSOH GLIIXVLRQV RI LQIHFWLRXV GL

EHKDYLRUV WKURXJK D PHWURSROLWDQ VRFLDO QHWZRUNRBDQ
*HRJUDSK\ (=)

ODUDWKH 0 DQG 9XOOLNDQWL $ . 6 &RPSXWDWLRQDO |
$&0 b

OHKUDE H# DO (YDOXDWLQJ WKH XWLOLW\ RI KLJK UHVROXW
WKH VSUHDG RI$&DI7UDQVDFWLRQV RQ 6SDWLDO 6|lVWHPV DQG
OHL e+HW DO ,QGLYLGXDO GHFLVLRQ PDNLQJ FDQ GULYH HSL(

VWXG\ ,((( 7TUDQVDFWLRQV RQ )X]]\ 6\VWHPYV b
OHUOHWW DO 6SDWLRWHPSRUDO VSUHDG RI WKH RXWEULI
OLEHULD DQG WKH HIIHFWLYHQHVV RI QRQ SKDUPDFHXWLFDO
DQDO\WLYV 7KH /IDQFHW ,QIHFWLRXV 'LVHDVHYV b
ORNEHO O $EEDU 6 DQG 6WDQRMHYLF 5 &RQWDFW !
6,*63%7,%/ 6SHFLDO p

ORNEHOHW DO ORELOLW\ GDWD VFLHQFH GDIDWXKOKOHEHGR
6FKORVV 'DJVWXKO /HLEQL] =HQWUXP 1%U ,QIRUPDWLN
1DUGLQ HW DO 30DQQLQJ KRUL]JRQ DIIHFWV SURSK\ODFWLF
G\QDPLFV 3HHU- H

2UXF %HW DO +RPHERXQG E\ FRYLG WKH EHQHILWV DQG F
SKDUPDFHXWLFDO LQWHUYHQWLRQ VWUDWHJILHV %O0& 3XEOLF
3DLQWHU 0 DQG 4LX 7 3ROLWLFDO EHOLHIV DIIHFW FR
GLVWDQFLQRIYRUGBBOH DW 6651

3DQ HW DO 8UEDQ WUDIILF SUHGLFWLRQ IURP VSDWLR WHP
OHDUQQIURFHHGLQJWRI Y&KH6,*." ,QWHUQDWLRQDO &RQIHUHQ!
‘LVFRYHU| 'DWD OL®LQJ

3HFKOLYDQRH@RXO7 OLFURVFRSLF PRGHOLQJ RI VSDWLRWHPS
,Q3URFHHGLQJVURBEMKE,*63$7,%/ ,QWHUQDWLRQDO :RUNVKRS R
(SLGHPLRORMJ|

3HMp % DQG %LF]JpN * &RURQD JDPHV ODVNV VRFLDO
GHVLJEZBURFHHGLQJVWRBEIKHE,*63%$7,%$/ ,QWHUQDWLRQDO :RUNVK
8QGHUVWDQGLQJ WKH 6SUHIDG RI &29,'

3HVDYHQWR/ PO 'DWD GULYHQ PRELOLW\ PRGHOVQRU &29,"
BURFHHGLQJVRBEWKSE, *63$7,%8/ :RUNVKRS RQ $GYDQFHV LQ 5HV.
&LWLHV 6HDWWOH :$ 86%

3HZ 5 HVHDUFK &HQWHU ORVW $PHULFDQV 6D\ &RURQDYLL
ILYHV ODUFK
4D]JL 8 ,PUDQ O DQG 210L ) *HRFRY D GDWDVHW F

PXOWLOLQJXDO &29,' WZHHWYVY ZLWK ORFDWLRQ LQIRUPDWLR



5DPFKDQGDQL 3 3DLFK 0 DQG 5DR $ ,QFRUSRUDWL

DJHQW EDVHGPERGHEORQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQ

5D\ ( /HW DO (QVHPEOH IRUHFDVWV RI FRURQDYLUXV GLVHD

PHGS5[LY

5HLFK 1HW DO $ FROODERUDWLYH PXOWL\HDU PXOWLPRGHC

LQIOXHQ]D IRUHFDVWLQJ LQ WKH XQLWHG VWDWHV 3URFHHGL
b

5L]]JR &W DO 6XUYH\ RQ WKH OLNHO\ EHKDYLRXUDO FKDQJH!
HXURSHDQ FRXQWULHV GXULQJ WKMHRGHOLQSMXKEHFQAWHUSOD\ !
%HKDYLRU DQG WKH 6SUHDG RI ,QIHFWLRXV 'LVHDVHV 6SULQJ
5L]]R 6 * %DODQFLQJ SUHFLVLRQ DQG UHFDOO IRQ FRVYV
JLUVW ,QWHUQDWLRQDO ."" :RUNVKRS IRU 3UHVFULSWLYH $QD(

5RGUJXHIJHW DO 'DWD FHQWULF HSLGHPLF DRMHYESUMISQL QWY
DU;LY

5XVVHOO 6 DQG 1RUYLJ 3 $L D PRGHUQ DSSURDFK /HD
6DMMDGL 6 +DVKHPL $ DQG *KDQEDUQHMDG ) 6RFL
G\QDPLFV DQG LWV HIIHFW RQ GLVHDVH VSUHDGLQJ 3K\VLFDO
6DPHW HW DO 8VLQJ DQLPDWLRQ WR YLVXDOL]H VSDWLR WH|
,Q3URFHHGLQJVWB®#XKH,*63%$7,%/ ,QWHUQDWLRQDO :RUNVKRS R
8QGHUVWDQGLQJ WKH 6SUHIPG RI &29,'

6FKQHLGHUHW® DO 8QUDYHOOLQJ GDLO\ KXPDQ PRELOLW\ PR\
6RFLHW\ ,QWHUIDFH

6HUW ( %DU <DP < DQG ORUDOHV $ - 6HJUHJIJDWLRQ
OHDUQLQJ DQG DJHQW EDVHG PRGHOLQJ 6FLHQWLILF SHSRUW
6LHWWRW & O ORGHOLQJ WKH HEROD YLUXV HSLGHPLFPD

WHPSRUDO DQDO\WLV DQG IXWXUH SUHGLFWLRQV IRU OLEHULTEL
6LOYD B W DO &RYLG DEV $Q DJHQW EDVHG PRGHO RI &29,'
KHDOWK DQG HFRQRPLF HIITHFWV RI VRFLDO GLVWDQFLQJ LQW!I

6XVDUOB WS DO 6SDWLRWHPSRUDO GLVHDVH FDVH SUHGLFWLI
FRGL@BURFHHGLQJVRBIMKE,*63%$7,$/ , QWHUQDWLRQDO :RUNVK
&RPSXWLQJ IRU (SLGBHPLRORJI

6\GRUD H& DO %XLOGLQJ RFFXSDQF\ VLPXODWLRQ DQG DQDC(
$&0 7TUDQVDFWLRQV RQ 6SDWLDO $OJRULWKPYVY DQG 6\VWHPYV

7DQDND 0 DQG 7DQLPRWR - ,V VXEVLGL]LQJ YDFFLQDW
UHDOO\ PHDQLQJIXO WR VXSSUHVV GLVHDVH VSUHDGLQJ" -RXL
7DVNHVHQ ( GLVWILW KWWSV JLWKXE FRP HUGRJDQW

7KDNXUHW DO &RYLG MRLQW SDQGHPLF PRGHOLQJ DQG DQ
BURFHHGLQJVVRBEMKHA,*63%$7,8/ ,OWHUQDWLRQDO :RUNVKRS RQ
8QGHUVWDQGLQJ WKH 6SUHIDG RI &29,'

9DOOHMR 0 &RUQH ': DQG 5LHVHU 9 (YROYLQJ XUE
VWDWLVWLFDO PRGHO WR DFFHOHUDWH RSW,.LP |&SBETRQ RYHU
&LWHVHHU b

9DQ %DYH® W PO 8VLQJ VRFLDO DQG EHKDYLRXUDO VFLHQFH
SDQGHPLF UHVSRQVH 1DWXUH +XPDQ %HKDYLRXU b
9HQNDWUDPDH® @06 8VLQJ GDWD GULYHQ DJHQW EDVHG PRGI|
HPHUJLQJ LQIHFWLRXV GLVHDVHV (SLGHPLFV b
9RONRYDB/ W DO )RUHFDVWLQJ LQIOXHQ]D OLNH LOOQHVV G\Q
XVLQJ QHXUDO QHWZRUNV DQG VRFLDO PHGLD 30R6 2QH

'DQJ ;HW DO 3UHGLFWLQJ WKH FLW\ IRRW WUDIILF ZLWK SH
3URFHHGLQJWRKI (WKHOWHUQDWLRQDO &RQIHUHQFH RQ ORELOH
&RPSXWLQJ 1IHWZRUNLQMPDQG 6HUYLFHV

'DQJ = DQG &UX] ,) $QDO\VLV Rl WKH LPSDFW RI &29,"
JHRWDJJHG, QELAMAMHIG L QJVVRBEMK A, *63%7,8/ ,OQWHUQDWLRQDO :
ORGHOLQJ DQG 8QGHUVWDQGLQJ WK 6SUHDG RI &29,’

'HLOO HW DO 6RFLDO GLVWDQFLQJ UHVSRQVHV WR &29,"
VWURQJO\ GLIIHUHQWLDWHG E\ LQFRPH 3URFHHGLQJV RI WKH



b
'LOOLDPVH®'DO $Q LQGLYLGXDO EDVHG VLPXODWLRQ RI SQt
IROORZLQJ DQ RXWEUHDN DQG WKH VLJQLILFDQFH RI LQWHUY'
X < HW DO 'HHS OHDUQLQJ IRU HSLGHPQRORJLABD QOSMHHLEQF X
$&0 6,*,5 ERQIHUHQFH RQ 5HVHDUFK 'HYHORSPHQW LQ ,QIRUF
'LRQJ WW DO 5HDFW 5HDO WLPH FRQWDFW WUDFLQJ DQG UL
HQKDQFHG PRELOH WUDFNLQJ 6,63%$7,$/ 6SHFLDO b

<H : DQG *DR 6 8QGHUVWDQGLQJ WKH VSDWLRWHPSRU
DVVRFLDWLRQV EHWZHHQ &29," LQIHFWLRQV DQG ERWK KXPE
XQLWHG \QEORAHHGLQJIVRBEMKE, *63%$7,%/ ,QWHUQDWLRQDO :RU
&RPSXWLQJ IRU (SL®HPLRORJI

=DNDULDBIW&DO $QDO\V]LQJ WKH LPSDFW RI &29,' FRQWURO ¢
RFFXSDQF\ DQG PRELOLW\ YLD ZLIL VHQVLQJ $&0 7UDQVDFWLF
p

=KDR HW DO 7 JFQ $ WHPSRUDO JUDSK FRQYROXWLRQDO QF
,((( 7TUDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VW

=%I0OH $ DQG $QGHUVRQ 7 ,QWURGXFWLRQ WR WKLV V¢
XQGHUVWDQGLQJ WKH VSUHDG RI &29,' SDUW L  6,*63%$7,$/
=%IOH $ $QGHUVRQ 7 DQG *DR 6 D ,QWURGXFWLRQ
XQGHUVWDQGLQJ WKH VSUHDG RI &29," SDUW
=%IOH $ *DR 6 DQG $QGHUVRQ 7 E ,QWURGXFWLRQ
XQGHUVWDQGLQJ WKH VSUHDG RI &29,' SDUW

*HR$, IRU $JULFXOWXUH

$QDIQRVWHW L$O $ GHHS OHDUQLQJ DSSURDFK IRU DQWKUDF
FODVVLILFDWLRQ LQ ZDOQXW RUFKDUGV &RPSXWHUV DQG (OH
SUFKRQWRX®GW D® 9 3UHGLFWLQJ FURS \LHOGY DQG VRLO SOD
XV FRUQ EHOW &URS 6FLHQFH P

%DUERVB/ WS DO ORGHOLQJ \LHOG UHVSRQVH WR FURS PDQDJt
QHXUDO QHWZRUNV &RPSXWHUV DQG (OHFWURQLFV LQ $JULF)

%DUQHV :/ ;LRQJ ; DQG 6DORPRQVRQ 99 6WDWXV
$GYDQFHV LQ 6SDFH SHVHDUFK

%HQRV / %HFKDU $ DQG %RFKWLV ' 6DIHW\ DQG HLU
LQWHUDFWLYH DJULFXOWXUDO RSHUDWLRQV %LRV\WWHPV (Q.
%UHLPDQ / 5DQGRP IRUHVWY ODFKLQH /HDUQLQJ b
&KDOOLQRUV O $ PHWD DQDO\VLV RI FURS \LHOG XQGHU FO
DGDSWDWLRQ 1DWXUH &OLPDWH &KDQJH b
&KOLQJDU\DQ $ 6XNNDULHK 6 DQG :KHODQ % 0DFK
\LHOG SUHGLFWLRQ DQG QLWURJHQ VWDWXV HVWLPDWLRQ LQ
(OHFWURQLFV LQ $JULFXOWXUH b

&RQUDGHW DO 5HODWLRQVKLS EHWZHHQ IRRG ZDVWH GLHW
VXVWDLQDELOLW\ 30R6 2QH H

&RRSHUVPLWHKV PO ODFKLQH OHDUQLQJ DVVHVVPHQWYV RI VR
SODQQLQJ &RPSXWHUV DQG (OHFWURQLFV LQ $JULFXOWXUH
&UDQH 'URHVFK $ ODFKLQH OHDUQLQJ PHWKRGV IRU FUI
FKDQJH LPSDFW DVVHVVPHQW LQ DJULFXOWXUH (QYLURQPHQ\
'DGVHWD®WSDO 'HWHFWLRQ DQG SUHGLFWLRQ RI QXWULHQW
ORQJLWXGLQDO D@ BU R DHIH®UIGUA RI WKH $$$, &RQIHUHQFH RQ
YRO

'LDR & ,QQRYDWLYH SKHQR QHWZRUN PRGHO LQ HVWLPI
VDWHOOLWH WLPH VHULHV ,6356 -RXUQDO RI 3KRWRJUDPPHW!
'LDR & 5HPRWH VHQVLQJ SKHQRORJLFDO PRQLWRULQJ

VR\EHDQ SK\WVWLRORJLFDO JURZLQJ VWDJHV 5HPRWH 6HQVLQJ I



'LDR & DQG /L * 1HDU VXUIDFH DQG KLJK UHVROXWLRQ
FURS SKHQRORJ\ 5HPRWH 6HQVLQJ

'LDR & W DO +\EULG SKHQRORJ\ PDWFKLQJ PRGHO IRU UREX"
,6356 -RXUQDO RI 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ
'"UXVFK ®WW DO B6HQWLQHO (VD V RSWLFDO KLJK UHVROXWL
VHUYLFHV 5HPRWH 6HQVLQJ Rl (QYLURQPHQW b

JHQJ HW DO ORGHOLQJ UHIHUHQFH HYDSRWUDQVSLUDWLRQ
DQG JHQHUDOL]HG UHJUHVVLRQ QHXUDO QHWZRUN RQO\ ZLWK
(OHFWURQLFV LQ $JULFXOWXUH b

JROEHUWHKW &0 6SDWLR WHPSRUDO GRZQVFDOLQJ RI JULGGH
EDVHG RQ PDFKLQH OHDUQLQJ $JULFXOWXUDO DQG )RUHVW 0

*DO < DQG *KDKUDPDQL = %D\HVLDQ FRQYROXWLRQDO
DSSUR[LPDWH YDULDWURQD®UHGIHUMHD B ;LY
*DO < DQG *KDKUDPDQL = '"URSRXW DV D ED\HVLDQ DS¢

XQFHUWDLQW\ LQ GBUHRFOIHBGUQUQGIRI, GO/5

*DUFD 3HUHHWDOD® 'DWD DFTXLVLWLRQ DQG SURFHVVLQJ IRU

VXVWDLQDEOH DJULFXOWXUDO SUDFWLFHV

*UDVVLQMW3DO +LJK \LHOG PDL]JHPVR\EHDQ FURSSLQJ, \VWH

&URS 3K\VLRORJ\ (OVHYLHU b

+DPLGD $/W DO G GHHS OHDUQLQJ DSSURDFK IRU UHPRWH

FODVVLILFDWLRQ ,((( 7TUDQVDFWLRQV RQ *HRVFLHQFH DQG 5H

+HQJO HW DO 6RLOJULGY P *OREDO JULGGHG VRLO LQIRUP

OHDUQLQJ 3/R6 2QH H

,VODP HIWW DO (DUO\ ZHHG GHWHFWLRQ XVLQJ LPDJH SURFHV"

WHFKQLTXHV LQ DQ DXVWUDOLDQ FKLOOL IDUP $JULFXOWXUH

-HIIULHV HW DO 0DSSLQJ VXE ILHOG PDL]H \LHOGV LQ 1HEUD

UHPRWH VHQVLQJ LPDJHU\ FURS VLPXODWLRQ PRGHOV DQG F

b

-HRQJ -HW DO 5DQGRP IRUHVWV IRU JOREDO DQG UHJLRQDC

2QH H

-LDQJ HW DO D $ GHHS OHDUQLQJ DSSURDFK WR FRQIODWLQ.

IRU FRUQ \LHOG HVWLPDWLRQ $ FDVH VWXG\ RI WKH XV FRUQ

%LRORJ\ b

-LDQJ W DO E 3UHGLFWLQJ FRXQW\ VFDOH PDL]H \LHOGV ZL

6FLHQWLILF 5HSRUWYV b

-RKDQQ #&W DO 6RLO PRLVWXUH PRGHOLQJ EDVHG RQ VWRFk

QR WLOO FKLVHO RSHQHU &RPSXWHUV DQG (OHFWURQLFV LQ

-XPUDQL . DQG %KDWLD 9 6 ,PSDFW RI FRPELQHG VWUI

GHILFLW RQ JURZWK DQG VHHG \LHOG RI VR\EHDQ 3K\VLRORJ\
[

.DQJ <HW DO &RPSDUDWLYH DVVHVVPHQW RI HQYLURQPHQW!

OHDUQLQJ DOJRULWKPV IRU PDL]JH \LHOG SUHGLFWLRQ LQ WKFE

/HWWH UV

.DWWHQERUM) DD 5HYLHZ RQ FRQYROXWLRQDO QHXUDO QHWZ

UHPRWH VHQVLQJ ,6356 -RXUQDO RI 3KRWRJUDPPHWU\ DQG 5F

.HQGDOO $ DQG *DO < :KDW XQFHUWDLQWLHV GR ZH Q
FRPSXWHU YLVLRQ" $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URF!
.KDNL 6 DQG :DQJ / &URS \LHOG SUHGLFWLRQ XVLQJ G

30DQW 6FLHQFH

JHQFXFKDHW DO *RYHUQPHQW SROLF\ DQG DJULFXOWXUDO S
LQIRUP UHVHDUFK DQG SROLF\ RQ KHDOWK\ DJULFXOWXUDO FF
[

/L = =KDQJ = DQG =KDQJ / ,PSURYLQJ UHJLRQDO Z}
LQVXUDQFH DSSOLFDWLRQ E\ LQWHJUDWLQJ VFHQDULR GULYH
GDWD $JULFXOWXUDO 6\WWHPV

/LQ HW DO 'HHSFURSQHW D GHHS VSDWLDO WHPSRUDO OHLE
FRUQ \LHOG HVWLPDWLRQ (QYLURQPHQWDO 5HVHDUFK /HWWH



JREHOO HWh DO $ VFDODEOH VDWHOOLWH EDVHG FURS \LHOG
(QYLURQPHQW b

0D <HW DO &RUQ \LHOG SUHGLFWLRQ DQG XQFHUWDLQW\ D¢
YDULDEOHV XVLQJ D ED\HVLDQ QHXUDO QHWZRUN DSSURDFK !

ODHVWULW DO OL[LQJ SURFHVV EDVHG DQG GDWD GULYHQ T

SUHGLFWLRQ (XURSHDQ -RXUQDO RI $JURQRP\

ODLPDLWLMHDIQDOO 6R\EHDQ \LHOG SUHGLFWLRQ IURP XDY XV

DQG GHHS OHDUQLQJ 5HPRWH 6HQVLQJ RI (QYLURQPHQW

OHQJ HW DO $QDO\]LQJ WHPSHUDWXUH DQG SUHFLSLWDWLR

RI FDQROD DQG VSULQJ ZKHDW LQ VDVNDWFKHZDQ -RXUQDO R
5

OHQ]H %HW DO $ FRPSDULVRQ RI UDQGRP IRUHVW DQG LWV
FKHPRPHWULF PHWKRGV IRU WKH IHDWXUH VHOHFWLRQ DQG F
%LRLQIRUPDWLFV b

ORELQ\ MW DO 'URSFRQQHFW LV HIIHFWLYH LQ PRGHOLQJ XQ
QHWZRUNV BFLHQWLILF 5HSRUWYV b

ORKDPPDGLIHW DO ([WUHPH OHDUQLQJ PDFKLQH EDVHG SUHG]
WHPSHUDWXUH &RPSXWHUV DQG (OHFWURQLFV LQ $JULFXOW X
ORUHOORMV O O0DFKLQH OHDUQLQJ EDVHG SUHGLFWLRQ RI \
FDUERQ DQG PRLVWXUH FRQWHQW E\ XVLQJ YLV QLU VSHFWUR

[5)

0%00HWW&DO ([SORULQJ XQFHUWDLQWLHV LQ JOREDO FURS

HQVHPEOH RI FURS PRGHOV DQG FPLS DQG FPLS FOLPDWH VF

/HWWHUV

OXUXJDQDQWKDPD® $ VIVWHPDWLF OLWHUDWXUH UHYLHZ RQ

GHHS OHDUQLQJ DQG UHPRWH VHQVLQJ 5HPRWH 6HQVLQJ

1DKYL HA¥ DO 8VLQJ VHOI DGDSWLYH HYROXWLRQDU\ DOJRUL

RI DQ H[WUHPH OHDUQLQJ PDFKLQH IRU HVWLPDWLQJ VRLO WF

$JULFXOWXUH

1DVVDQL HWS DO ODQDJHPHQW RI QDWXUDO UHVRXUFHV DQG

HYLGHQFH 5HVRXUFHV 3ROLF\

1HPEULQL 6 ..QLJ ,5 DQG :ULJKW 01 7KH UHYLYDC

%LRLQIRUPDWLFV b

1JX\HQ MW DO ODFKLQH OHDUQLQJ DQG GHHS OHDUQLQJ IULD

ODUJH VFDOH GDWD PLQLQJ D VXUYH\ $UWLILFLDO ,QWHOOLJ

3DWLO $ 3 DQG 'HND 3 & $Q H[WUHPH OHDUQLQJ PDFKL

HYDSRWUDQVSLUDWLRQ XVLQJ H[WULQVLF LQSXWV &RPSXWH UL
b

3RXUPRKDPPDGDM®IDO% (IIHFWV RI VRLO SURSHUWLHV ZDWHU

SUDFWLFHV RQ SLVWDFKLR \LHOG LQ UDIVDQMDQ UHJLRQ VRX

ODQDJHPHQW b

5DXQ : HW DO ,PSURYLQJ QLWURJHQ XVH HIILFLHQF\ LQ FHLU

RSWLFDO VHQVLQJ DQG YDULDEOH UDWH DSSOLFDWLRQ $JURH

5XVVHOOR + &RQYROXWLRQDO QHXUDO QHWZRUNYV IRU |
LPDIH%O0 &HQWHU IRU $GYDQFHG 6WXGLHYV
6DKD ' %DVVR % DQG 5SREHUWVRQ * 3 ODFKLQH OHI

DJULFXOWXUDO QLWURXV R[LGH Q R HPLVVLRQV IURP LQWHQ
(QYLURQPHQWDO 5HVHDUFK /HWWHUYV

6FKZDOEHHW 50 O0LG VHDVRQ FRXQW\ OHYHO FRUQ \LHOG IR
LQWHJUDWLQJ VDWHOOLWH LPDJHU\ DQG ZHDWKHU YDULDEOH
6KDKKRVVHLQL 0 +X * DQG $UFKRQWRXOLV 6 9 YRU
OHDUQLQJ HQVHPEOHV )URQWLHUV LQ 30DQW 6FLHQFH
6KDKKRVVHIHW DB &RXSOLQJ PDFKLQH OHDUQLQJ DQG FURS
\LHOG SUHGLFWLRQ LQ WKH XV FRUQ EHOW 6FLHQWLILF 5HSR
6KLUDQHWA DO 'HWHUPLQLQJ WKH IHDWXUHV LQIOXHQFLQJ St
VRLOV LQ D VHPLDULG UHJLRQ RI LUDQ XVLQJ D K\EULG SVR G



6KULGKDU . /DXPDQQ ) DQG /LZLFNL 0 $ FRPSUHKH
FRQYROXWLRQDO QHXUDO QHWZRDN,ZYVSK NSULQPW LIRQDY LQIH
6LVKRGLD 53 5D\ 5/ DQG 6LQJK 6 . $SSOLFDWLRQ
DJULFXOWXUH $ UHYLHZ S5HPRWH 6HQVLQJ

6XQ -HW DO &RXQW\ OHYHO VR\EHDQ \LHOG SUHGLFWLRQ XV
6HQVRUYV

7HUOLNVL] $6 DQG $OWYODU ' 7 8VH Rl GHHS QHXUDO
FDVH VWXG\ Rl VR\EHDQ \LHOG LQ ODXGHX G D KK F, RNQHNW\Q B W'D E
&RQOIHUHQFH RQ $JUR *HRLQIRUPDWLFEVY(($JUR *HRLQIRUPDWLF
7KD\HU $HW DO ,QWHJUDWLQJ DJULFXOWXUH DQG HFRV\VWH
WR FOLPDWH FKDQJH &OLPDWH

7LDQ HW DO $Q OVWP QHXUDO QHWZRUN IRU LPSURYLQJ ZKF
UHPRWH VHQVLQJ GDWD DQG PHWHRURORJLFDO GDWD LQ WKH
DQG JRUHVW OHWHRURORJ\

9DQ .ORPSHQEXUJ 7 .DVVDKXQ $ DQG &DWDO & &U.
OHDUQLQJ $ VIVWHPDWLF OLWHUDWXUH UHYLHZ &RPSXWHUV
9R3KDP AW DO (PHUJLQJ WUHQGV LQ JHRVSDWLDO DUWLILFL
DSSOLFDWLRQV IRU HQYLURQPHQWDO HSLGHPLRORJ\ (QYLURC
'DQJ ;HW DO :LQWHU ZKHDW \LHOG SUHGLFWLRQ DW FRXQW
PDLQ ZKHDW SURGXFLQJ UHJLRQV RI &KLQD ZLWK GHHS OHDUQ

'DQJ <HW DO $ QHZ DWWHQWLRQ EDVHG FQQ DSSURDFK IRU
VHULHY VHQWLQHO LPDJHV &RPSXWHUV DQG (OHFWURQLFV I
'RR 6HW DO &EDP &RQYROXWLRQDO EQQFWNREWMGILON LVRRY MF
(XURSHDQ &RQIHUHQFH RQ &RPSXWHU 9LVLRQ (&&9

<DR <HW DO $FWLYH FDQRS\ VHQVRU EDVHG SUHFLVLRQ Q P|
$JURQRP\ IRU 6XVWDLQDEOH 'HYHORSPHQW b
<RRVHI]DGHK 1DMDIDEDGL 0 7XOSDQ ' DQG (VNDQGDUL 0
LQWHOOLJHQFH DQG HYROXWLRQDU\ RSWLPL]DWLRQ DOJRULW
ELRPDVV XVLQJ K\SHUVSHFWUDO YHJHWDWLRQ LQGLFHV 5HPR
<RX -HW DO 'HHS JDXVVLDQ SURFHVV IRU FURS \LHOG SUHGL
GDWD3URFHHGLQBIBRIGRIOHHUHQFH RQ $UWLNRKODO ,QWHOOLJH
=KDQJ HW DO ,GHQWLILFDWLRQ RI FXFXPEHU OHDI GLVHDVH)
VDPSOH VL]H IRU DJULFXOWXUDO LQWHUQHW RI WKLQJV ,QWH
1HWZRUNYV

=KDQJ BW DO 30DQW VSHFLHV UHFRJQLWLRQ PHWKRGV XVLC
1IHXURFRPSXWLQJ b

=KRQJ HW DO 'HHS OHDUQLQJ EDVHG ZLQWHU ZKHDW PDSSLC
JURXQG UHIHUHQFHV LQ .DQVDV DQG 1RUWKHUQ 7H[DV 86 5H

=LOLDQLHW *DO (DUO\ VHDVRQ SUHGLFWLRQ RI ZLWKLQ ILHOC
DVVLPLODWLQJ FXEHVDW GDWD LQWR D FURS PRGHO $JULFXO

*HR$, IRU SBUEDQ 6HQVLQJ

$ELUDPL 6 DQG &KLWUD 3 SUREDELOLVWLF DLU TXDOL!'
VSDWLDOPWHPSRUDO QHXUDO QHWZRUN *HR,QIRUPDWLFD
$QGULV & DQG /HH 6 S5RPDQWLF UHODWLRQVKLSY DQG

D86 FROOHJH WRZQ -RXUQDO RI 8UEDQLVP ,QWHUQDWLRQD
6XVWDLQDELOLW\ b

$UMXQDREW3DO 2SHUDWLRQDO FKDUDFWHULVWLFV RI UHVLGH
WHPSRUDOO\ JUDQXODU UHPRWH¥WXHUCR IVUD S KREFRADHERQJIV
$&0 QWHUQDWLRQDO &RQIHUHQFH RQ 6\VWHPV IRU (QHUJI\ (IIlL
7TUDQVSRUWDWLRQ

%DL KW DO .QRZOHGJH GLVWLOODWLRQ EDVHG OLJKWZHLJK
XVLQJ VDWHOOLWH LPDJHU\ RI QDWXUDO GLVDVWHUV *HR,QIR



%LOMHFNL ) DQG ,WR . BWUHHW YLHZ LPDJHU\ LQ XUEI
IDQGVFDSH DQG S8UEDQ 30DQQLQJ

%uUGLVHW DO $ KLJK UHVROXWLRQ JHRVSDWLDO DVVHVVPHQ
SKRWRYROWDLF SRWHQWLDO LQ WKH (XURSHDQ 8QLRQ 5HQHZ

%\XQ * DQG .LP < $ VWUHHW YLHZ EDVHG PHWKRG WR
FDVH VWXG\ RI OLGWRZQ LQ 'HWURLW OLFKLJDQ 86$% 3/26 21(
&DODEUHWHM/ PO 8QGHUVWDQGLQJ LQGLYLGXDO PRELOLW\ SO
$ PRELOH SKRQH WUDFH H[DPSOH 7UDQVSRUWDWLRQ 5HVHDUI
b
&KHQ /K®W DO (QFRGHU GHFRGHU ZLWK DWURXV VHSDUDEOH
LPDJH VHIPHQWBDWERBGLQIXRRSHIOKY &RQIHUHQFH RQ &RPSXW
b
&KHQ ®W DO $UWLILFLDO LQWHOOLJHQFH DQG YLVXDO DQD
F\EHUVSDFH 5HVHDUFK RSSRUWXQLWLHY DQG FKDOOHQJHV (|

&KHQ 6 DQG %LOMHFNL ) $XWRPDWLF DVVHVVPHQW RI
LPDJHU\ &LWLHYV
&KHQ ; DQG %LOMHFNL ) OLQLQJ UHDO HVWDWH DGV D

DQG DPHQLW\ GDWD DFTXLVLWLRQ 8UEDQ ,QIRUPDWLFV

&RUGW\HW DO 7KH FLW\VFDSHV GDWDVHW IRU VHPDQMPLF XU

BURFHHGLQJUREMKHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWW
[

'DV 6 6XQ 4& DQG =KRX + *HR$, WR LPSOHPHQW D
JUDPHZRUN DQG DSSOLFDWLRQ RI KHDW PLWLJDWLRQ B8UEDQ |
GH6RX]DH3 DO $LU TXDOLW\ PRQLWRULQJ XVLQJ PRELOH OR
WUDVK WUXFNV OHWKRGVY GHYHORSPHQW DQG OHVVRQV OHDU

'LQJ ; )DQ + DQG *RQJ - 7RZDUGVY JHQHUDWLQJ QH'
0DSLOODU\ GDWD &RPSXWHUV (QYLURQPHQW DQG S8UEDQ 6\V\
'REOHUHW DO 7KH XUEDQ REVHUYDWRU\ $ PXOWL PRGDO LP
G\QDPLFV LQ FRPSOH[ XUEDQ V\VWHPV 5HPRWH 6HQVLQJ
'XDUWH ) DQG 5DWWL & :KDW XUEDQ FDPHUDV UHYHDO
VHQVHDEOH, PIBWEDQEQIRUPDWLFV 6SULQJHU 6LQJDSRUH P
*DR 6HW DO 6SHFLDO LVVXH RQ JHRVSDWLDO DUWLILFLDO L
b
*DR 6HW DO 8VHU JHQHUDWHG FRQWHQW $ SURPLVLQJ GDW
,O8UEDQ ,QIRUPDWLFV 6SULQJHU 6LQJDSRUH b
*DUULGR 9DOHQ]XHOD ) &DWV 2 DQG YDQ &UDQHQEXUJK
&RXQWLQJ SHRSOH LQ PLOOLRQV Rl VWUHHW OHYHO LPDJHV W
XUEDQ GHQVLW\ DQG XUEDQ FKDUDFWHULVWLFV &RPSXWHUYV

*KDKUDPDQL 0 =KRX 0 DQG :DQJ * SUEDQ VHQVLQJ
DSSURDFKHVY DSSOLFDWLRQV DQG FKDOOHQJHV ,((( &$$ -RXL
[5)
+DPLOWRQ : <LQJ = DQG /HVNRYHF - L QGXFWLYH U
JUDSKV $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\VV
+DQ - < @&KHQ <& DQG /L 6 < S8WLOLVLQJ KLJK ILGH
DQDO\VLQJ WKH URRIWRS VRODU SKRWRYROWDLF SRWHQWLDO
+H ; DQG +H 6 < 8VLQJ RSHQ GDWD DQG GHHS OHDUQL
6KHQ]KHQ &KLQD 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW ' 7UDQ
+RFKUHLWHU 6 DQG 6FKPLGKXEHU - /RQJ VKRUW WHUP
b
+RX < DQG %LOMHFNL ) $ FRPSUHKHQVLYH IUDPHZRUN
YLHZ LPDJHU\ ,QWHUQDWLRQDO -RXUQDO RI $SSOLHG (DUWK :

+VX & < DQG /L : ([SODLQDEOH *HR$, FDQ VDOLHQF\ Pl
LQWHOOLJHQFH V OHDUQLQJ SURFHVV" DQ HPSLULFDO VWXG\ |
-RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6FLHQFH p



+X <HW DO ([WUDFWLQJ DQG XQGHUVWDQGLQJ XUEDQ DUHD
SKRWRV &RPSXWHUV (QYLURQPHQW DQG 8UEDQ 6\WWHPV

J,EUDKLP 05 +DZRUWK - DQG &KHQJ 7 8QGHUVWDQ
UHYLHZ RI GHHS FRPSXWHU YLVLRQ LQ XUEDQ DQDO\WLFV &L\
-DQRZLF] . 3KLORVRSKLFDO IRXQGDWLRQV RI JHRDL ([S

ELDV LQ JHRDL DQG VSDWLDO GDWD VFLHQFH

-DQRZLF]JHW DO *HR$, VSDWLDOO\ H[SOLFLW DUWLILFLDO LQ
JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG ,QWHUQDWL
6FLHQFH P

-D\DWKLVWDV BO .V \RXU FORFN IDFH FR]JLH" $ VPDUWZDWFK |
FROOHFWLRQ RI RFFXSDQW FRPIRUW GDWD -RXUQDO RI 3K\VL
-X < 'URQRYD DQG 'HOFO'V $O0Lp ; $ P UHVROXYV
PDMRU /DWLQ $PHULFDQ FLWLHV IURP 6HQWLQHO UHPRWH VF
6FLHQWLILF 'DWD

-XKE£V] / DQG +RFKPDLU + + 8VHU FRQWULEXWLRQ SDW
Rl1 ODSLOODU\ D FURZGVRXUFHG VWUHHW OHYHO SKRWR VHUY
.DQJ <HW DO $VVHVVLQJI GLIIHUHQFHYV LQ VDIHW\ SHUFHSWL
DFURVYV QHLIJKERXUKRRGV LQ 6WRFNKROP 6ZHGHQ /DQGVFDS
.DQJ <HW DO D OXOWLVFDOH G\QDPLF KXPDQ PRELOLW\ IORZ
&29,' HSLGHPLF 6FLHQWLILF 'DWD

.DQJ < *DR 6 DQG 5RWK 5 ( 7TUDQVIHUULQJ PXOWLYV
DGYHUVDULDO QHWZRUNV ,QWHUQDWLRQDO -RXUQDO RI &DUW
.DQJ <HW DO E $ UHYLHZ RI XUEDQ SK\VLFDO HQYLURQPHQW
LPDJHU\ LQ SXEOLF KHDOWK VWXGLHV $QQDOV RI *,6

.DQJ <HW DO +XPDQ VHWWOHPHQW YDOXH DVVHVVPHQW IUR|
&RQVLGHULQJ KXPDQ G\QDPLFV DQG SHUFHSWLRQV LQ KRXVH
.UXVH HW DO B3ODFHV IRU SOD\ 8QGHUVWDQGLQJ KXPDQ SHL
XVLQJ VWUHHW YLHZ LPDJHY DQG GHHS OHDUQLQJ &RPSXWHU

/DL @/ 8QGHUJURXQG XWLOLWLHQY 8LPODIQ Q @ IIRQY® DBA DB Q
6LQJDSRUH b

/L OHW DO ODUNHG FURVVZDONV LQ 86 WUDQVLW RULHQWHC
FRPSXWHU YLVLRQ DSSURDFK XVLQJ VWUHHW YLHZ LPDJHU\ (!

$QDO\WLFV DQG &LW\ 6FLHQFH b
/L *HR$, :KHUH PDFKLQH OHDUQLQJ DQG ELJ GDWD FR
6SDWLDO ,QIRUPDWLRQ 6FLHQFH

/L : DQG +VX & < *HR$, IRU /DUJH 6FDOH ,PDJH $QDO\V

B3URJUHVV RI $UWLILFLDO ,QWHOOLJHQFH LQ *HRJUDSK\ ,6356

/LDQJ ; DQG $QGULV & OHDVXULQJ OF&LWLHV /DQGVFD
UHVWDXUDQWYV LQ WKH 8QLWHG 6WDWHV (QYLURQPHQW DQG :
6FLHQFH

/ILX 3 DQG %LOMHFNL ) $ UHYLHZ Rl VSDWLDOO\ H[SOLI
*HRJUDSK\ ,QWHUQDWLRQDO -RXUQDO RI $SSOLHG (DUWK 2EV

/LX 3HW DO D 7RZDUGV KXPDQ FHQWULF GLJLWDO WZLQV /H)
JUDSK PRGHOV WR SUHGLFW RXWGRRU FRPIRUW 6XVWDLQDEO
/LX :HW DO ,QVLGH OLYLQJ URRPV DQ DVVHVVPHQW RI
RUQDPHQWDWLRQ XVLQJ WUDQVIHU OHDUQLQJ (3- 'DWD 6FLHC
/ILX <HW DO 6RFLDO VHQVLQJ $ QHZ DSSURDFK WR XQGHUVW
HQYLURQPHQWY $QQDOV Rl WKH $VVRFLDWLRQ RI $PHULFDQ *
/ILX <HW DO E $Q LQWHUSUHWDEOH PDFKLQH OHDUQLQJ IUDP
SHUFHSWLRQV IURP SDQRUDPLF VWUHHW YLHZ LPDJHV L6FLHC
/X <HW DO $VVHVVLQJ XUEDQ JUHHQHU\ E\ KDUYHVWLQJ VW
JRUHVWU\ 8UEDQ *UHHQLQJ

IXR -HW DO D 6HPDQWLF 5LYHUVFDSHV 3HUFHSWLRQ DQG HY
IURP REOLTXH LPDJHU\ XVLQJ FRPSXWHU YLVLRQ /DQGVFDSH



IXR -HW DO E :DWHU 9LHZ ,PDJHU\ 3HUFHSWLRQ DQG HYDOX
ZRUOGZLGH (FRORJLFDO ,QGLFDWRUYV

0D ' HW DO 7KH 6WDWH RI ODSLOODU\ $Q ([SORUDWRU\ $QD
-RXUQDO RI *HR ,QIRUPDWLRQ

0D 1HW DO /HDUQLQJ EXLOGLQJ RFFXSDQWV LQGRRU HQYL!
GLVVDWLVIDFWLRQ IURP WH[W PLQLQJ %RRNLQJ FRP UHYLHZV
(QYLURQPHQW

ODUW 3 6HUUDQR (VWUDGD / DQG 1RODVFR &LUXJHGD $

&KDOOHQJHV RSSRUWXQLWLHV DQG OLPLWDWLRQV LQ XUEDQ
6\WWHPV b

ODUWLQ{W DO ,QIUDUHG WKHUPRJUDSK\ LQ WKH EXLOW HQYL
5HQHZDEOH DQG 6XVWDLQDEOH (QHUJ\ 5HYLHZV

2 .HHIIH .HW DO 4XDQWLI\LQJ WKH VHQVLQJ SRZHU RI YHKLF
1IDWLRQDO $FDGHP\ Rl 6FLHQFHV b

3DQJ + ( DQG %LOMHFENL ) " EXLOGLQJ UHFRQVWUXFW]
XVLQJ GHHS OHDUQLQJ ,QWHUQDWLRQDO -RXUQDO RI $SSOLH

3LDG\N H®W DO 6WUHHWS$ZDUH $ KLJK UHVROXWLRQ V\QFKUR!

GDWDVHW 6HQVRUYV

3VI\OOLGHW BO 3RLQWV RI LQWHUHVW 32, D FRPPHQWDU\ R

FKDOOHQJHV DQG SURVSHFWV IRU WKH IXWXUH &RPSXWDWLR

S5LFKWHU .) DQG 6FKHLGHU 6 &XUUHQW. WRSAFWUDOQLE K

,OQWHOOLJHQ]

SRWWHQVWHUQBO )5HVXOWYV RI WKH ,6356 EHQFKPDUN RQ XU|

" EXLOGLQJ UHFRQVWUXFWLRQ ,6356 -RXUQDO RI 3KRWRJUDP
b

6KDKWDKPDVVHEL D§O5 5HPRWH VHQVLQJ RI XUEDQ JUHHQ VS

JRUHVWU\ 8UEDQ *UHHQLQJ

BKL ,QWURGXFWLRQ, @KUEDBD,® NRUPDIVDLIFVY 6SULQJIHU
p

6KLQ HW DO 8UEDQ VHQVLQJ 8VLQJ VPDUWSKRQHV IRU WUD

FODVVLILFDWLRQ &RPSXWHUV (QYLURQPHQW DQG SUEDQ 6\V\

6RQJ #W DO $GYDQFHV LQ JHRFRPSXWDWLRQ DQG JHRVSDW

*HR$, IRU PDSSLQJ ,QWHUQDWLRQDO -RXUQDO RI $SSOLHG (|

7DUWDULQL ) OLOOHU & DQG 6FKLDYRQ 6 &R]LH $S
DSSOLFDWLRQ IRU HQYLURQPHQWDO TXDOLW\ VDWLVIDFWLRQ
7X : HW DO 8VHU JHQHUDWHG FRQWHQW DQG LWQ BSSMQFD\
,QIRUPDWLFV 6SULQJHU 6LQJDSRUH b

':LOVRQ HW DO $ )LYH 6WDU *XLGH IRU $FKLHYLQJ 5HSOLFDE
'KHQ :RUNLQJ ZLWK *,6 6RIWZDUH DQG $OJRULWKPV $QQDOV F
*HRJUDSKHUV b

‘X $1 DQG %LOMHFNL ) 5RRISHGLD $XWRPDWLF PDSSL
RSHQ URRIVFDSH UHJLVWU\ DQG HYDOXDWLRQ RI XUEDQ VXVW

X % HW DO $ ILUVW &KLQHVH EXLOGLQJ KHLJKW HVWLPDW
P XVLQJ PXOWL VRXUFH HDUWK REVHUYDWLRQV DQG PDFKLQH
(QYLURQPHQW

'LH (HW DO 6HJ)RUPHU 6LPSOH DQG HIILFLHQW GHVLJQ IRU
WUDQVIRUPHUV $GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVV
'LQJ - DQG 6LHEHU 5 7KH FKDOOHQJHV Rl LQWHJUDWL
LQWR *HR®QVDFWLRQV LQ *,6

‘X 6 HW DO D 'HWHFWLQJ VSDWLRWHPSRUDO WUDIILF HYHQW
&RPSXWHUV (QYLURQPHQW DQG SUEDQ 6\VWWHPV

‘X <HW DO E 3HUFHSWLRQ RI XUEDQ SRSXODWLRQ FKDUDFW
SDWWHUQV EDVHG RQ WDNHRXW GDWD &LWLHV

<DQ +HW DO 9ROXQWHHUHG JHRJUDSKLF LQIRUPDWLRQ UHVF
QDUUDWLYH UHYLHZ Rl VHOHFWHG MRXUQDO DUWLFOHV LQ *,6



,QIRUPDWLRQ BFLHQFH b

<DQJ HW DO 7KH ILQDQFLDO LPSDFW RI VWUHHW OHYHO JUH
EXLOGLQJV /DQGVFDSH DQG S8UEDQ 30DQQLQJ

<DQJ #W DO (PEUDFLQJ JHRVSDWLDO DQDO\WLFDO WHFKQR
,QIRUPDWLRQ 7HFKQRORJ|! 7RXULVP

<DS : &KDQJ -+ DQG %LOMHFNL ) ,QFRUSRUDWLQJ
XQGHUVWDQGLQJ RI VWUHHWVFDSHV &RQW HPWYX D& DWPLHQIWD B Q¢
30DQQLQJ % 8UEDQ $QDOIWLFV DQG &LWI| 6FLHQFH

=KDQJ AW DO D 6WUHHW OHYHO LPDJHU\ DQDO\WLFV DQG DS
3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ b

=KDQJ AW DO 8QFRYHULQJ LQFRQVSLFXRXV SODFHV XVLQJ V
VWUHHW YLHZ LPDJHV &RPSXWHUV (QYLURQPHQW DQG 8S8UEDGQ
=KDQJ < J/LX 3 DQG %LOMHFNL ) E .QRZOHGJH DQG \
GHSHQGHQW JUDSK QHXUDO QHWZRUNV WR LGHQWLI\ XUEDQ I}
,6356 -RXUQDO Rl 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ
=KDQJ W DO 9HFWRUL]JHG URRIWRS DUHD GDWD IRU FLWL

=KDR AW DO 6HQVLQJ XUEDQ VRXQGVFDSHV IURP VWUHHW Y
(QYLURQPHQW DQG S8UEDQ 6\WWHPYV

SHSURGXFLELOLW\ DQG 5HSOLFDELOLW\ LQ *HF

$EDGL HW DO 7THQVRUIORZ /DUJH VFDOH PDFKLQH OHDUQLQ
DU;LY SUHSULQW DU;LY

SUQROGIWHDO 7KH WXULQJ ZzD\ D KDQGERRN IRU tHHFRIRR XF L
%DUED [/ $ 7THUPLQRORJLHV IRDUWH S URGXFHLIEDMA DUANHD U
%UGDUHW DO 8QYHLOLQJ VSDWLDO HSLGHPLRORJ\ RI KLY ZL'
5HSRUWYV

%ULQFNPDOQW O &RPSXWLQJ HQYLURQPHQWY IRU UHSURGXF

WDOHeé )XWXUH *HQHUDWLRQ &RPSXWHU 6\VWHPV [
%WUXQVGRQ & 4XDQWLWDWLYH PHWKRGV LL ,VVXHV RI L
JHRJUDSK\ 3URJUHVV LQ +XPDQ *HRJUDSK\ P

&KDUG HW DO 7RZDUG HQDEOLQJ UHSURGXFLELOLW)\ IRU GDV
ZKROH WDOH G®DWIBOPO &RPSXWLQJ 7HFKQRORJ\ 7UHQGV ,?2
&RXFOHOLV + $UWLILFLDO LQWHOOLJHQFH LQ JHRJUDSHE
FRPH 7KH 3URIHVVLRQDO *HRJUDSKHU P

&ULJJHU ( DQG .KRXU\ & ODNLQJ SROLF\ RQ DXJPHQWH
-RXUQDO RI (WKLFV b

'DYLGVRQ 6 % DQG JUHLUH - 3URYHQDQFH DQG VFLHQV
RSSRUWXQEMRFNHGLQJV RHEW KGH*02' ,QWHUQDWLRQDO &RQIHUF
ODQDJHPHQW RI 'BWD

'"VRX]D W DO :RUOGNJ $ ZRUOG VFDOH JHRJUDSKLF NQRZO
SBURFHHGLQJWKI 9KHQWHUQDWLRQDO &RQIHUHQFH RQ ,QIRUP
ODQDJHPHQ WP

'XTXH - & $QVHOLQ / DQG 5H\ 6 - 7KH PD[ S UHJLRQG
5HJLRQDO 6FLHQFH P

(PVOH\ , DQG 'H 5RXUH ' $ IUDPHZRUN IRU WKH SUHVH!L
,QWHUQDWLRQDO -RXUQDO RI 'LJLWDO &XUDWLRQ b

*RRGFKLOGHW PO ,QWURGXFWLRQ )RUXP RQ UHSURGXFLELO
JHRJUDSK\ $QQDOV RI WKH $PHULFDQ $VVRFLDWLRQ RI *HRJU

*RRGFKLOG 0) DQG /L : 5HSOLFDWLRQ DFURVV VSDFH

VRFLDO DQG HQYLURQPHQWDO VFLHQFHV 3URFHHGLQJV RI WK
H

*RRGPDQ 61 )DQHOOL ' DQG ,RDQQLGLV - 3 ‘KDW C

PHDQ" 6FLHQFH 7UDQVODWLRQDO OHGLFLQH Sv b S



*XQGHUVHQ 2 ( *LO < DQG $KD ' : 2Q UHSURGXFLEC

UHVHDUFK RSHQ VFLHQFH DQG GLJLWDO VFKRODUVKLS LQ DL

*XQGHUVHQ 2 ( DQG .MHQVPR 6 6WDWH RI WKH DUW 51

LOQWHOQRIKBF$ES, &ROIHUHQFH RQ $UWYRGLDO ,QWHOOLJHQFI

+DLEH .DLQ"W %O 7UDQVSDUHQF\ DQG UHSURGXFLELOLW\ LQ

( P(

+DUWWHW PO 6SDWLDOO\ H[SOLFLW GDWD VWHZDUGVKLS D

3/R6 %LRORJ\ H

+DVWLH{W DO 7KH (OHPHQWYV RI 6WDWLVWLFDO /HDUQLQJ 'D

3UHGLFWLRQ YRO 6SULQJHU

+H\ $ -HW DO 7KH )RXUWK 3DUDGLJP 'DWD ,QWHQVLYH 6FLH

OLFURVRIW 5HVHDUFK

+ROOHU - DQG .HGURQ 3 ODLQVWUHDPLQJ PHWDGDWD

UHSURGXFLELOLW\ DQG RSHQ JHRJUDSKLF LQIRUPDWLRQ VFLH

5SHPRWH 6HQVLQJ DQG 6SDWLDO ,QIRUPDWLRQ 6FLHQFHYV

+XWVRQ 0 $UWLILFLDO LQWHOOLJHQFH IDFHV UHSURGX!
b

-DQRZLF]JHW DO *HRDL VSDWLDOO\ H[SOLFLW DUWLILFLDO L

JHRJUDSKLF NQRZOHGJH GLVFRYHU\ DQG EH\RQG

-DQRZLF] . 6LHEHU 5 DQG &UDPSWRQ - *HRDL FRX

FROYHUVDWLRQ 'LDORJXHV LQ +XPDQ *HRJUDSK\ b

-XS\WHUWH B DO %LQGHU UHSURGXFLEOH LQWHUDFWLYH V

VFLHQFH DWW GLQJWRINWKRQ LQ 6FLHQFH BRQIHUHQFH

.DQJ < *DR 6 DQG 5RWK 5 $ UHYLHZ DQG VV\QWKHVL

FDUWRJUDSK\ OHWKRGV DSSQ80RWHRGQMXIVERRDHNKR. F V

.DSRRU 6 DQG 1DUD\DQDQ $ /JHDNDJH DQG WKH UHSUR(

VFLH@RHLY SUHSULQW DU;LY

.DXIPDQ HW DO /JHDNDJH LQ GDWD PLQLQJ )RUPXODWLRQ Gl

$&0 7.

.HGURQH®V DO D 5HSURGXFLELOLW\ DQG UHSOLFDELOLW\ LQ .

*HRJUDSKLFDO $QDO\VLV b

.HGURQH® DO 5HSURGXFLELOLW\ UHSOLFDELOLW\ DQG RSF

JHRIJUDSKLFD Q2 ¥F LAHMDFWMU IRU 2SHQ 6FLHQFH

_HGURQH® DO E 5HSURGXFLELOLW\ DQG UHSOLFDELOLW\ RS:

JHRVSDWLDO UHVHDUFK ,QWHUQDWLRQDO -RXUQDO RI *HRJUL
[5)

.RQNRO 0 .UD\ & DQG 3IHLIIHU 0 &RPSXWDWLRQDO

SDSHUV ,QVLJKWV IURP D VHULHV RI VWXGLHV ZLWK JHRVFLH:

,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F

JHLS]LJHW DO 7KH UROH RI PHWDGDWD LQ UHSURGXFLEOH F|

/L *HRDL :KHUH PDFKLQH OHDUQLQJ DQG ELJ GDWD FF

6SDWLDO QIRUPDWLRQ 6FLHQFH

/L *HRDL LQ VRFLDO VFLHQFH +DQGERRN RI 6SDWLDO
b

/L : DQG +VX & < *HRDL IRU ODUJH VFDOH LPDJH DQDO

SURJUHVYVY RI DUWLILFLDO LQWHOOLJHQFH LQ JHRJUDSK\ ,635¢

ILQ 7 < %HORQJLH 6 DQG +D\V - &URYY YLHZ LPDJH
SBURFHHGLOQJU(RERAUKIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWW
/ILX 3 DQG %LOMHFNL ) $ UHYLHZ RI VSDWLDOO\ H[SOLF
JHRJUDSK\ ,QWHUQDWLRQDO -RXUQDO RI $SSOLHG (DUWK 2EV

ODL *HW DO $ UHYLHZ Rl ORFDWLRQ HQFRGLQJ IRU JHRDL P
,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLRQ 6F
OLOOHU + - DQG :HQW] ( $ 5HSUHVHQWDWLRQ DQG VSD
LQIRUPDWLRQ VI\VWHPV $QQDOV RI WKH $VVRFLDWLRQ RI $PH!



OLVVLHU 3 %HOKDMMDPH . DQG &KHQH\ - 7KH Z F S
PRGHOOLQJ SURY HQ DIBREMR PHIAMDLGIY\WIR | , W KH UQDWLRQDO &RQIF
([ WHQGLQJ 'DWDEDVH 7WFKQRORJI

1IDWLRQDO $FDGHPLHV RI 6FLHQFHV (QJLQHHULQJ DQG OHGL
DQG 5HSOLFDELOLW)\ LQ 6FLHQFH 1DWLRQDO $FDGHPLHV 3UH\
1%VW HW DO 5HSURGXFLEOH UHVHDUFK DQG JLVFLHQFH DQ

FRQIHUHQFH SDSHUV 3HHU- H

1%VW ' DQG +LQ] O &RQWDLQHULW *HQHUDWLQJ GRFN
U -RXUQDO RI 2SHQ 6RXUFH 6RIWZDUH

1%VW ' DQG 3HEHVPD ( 3UDFWLFDO UHSURGXFLELOLW\
$QQDOV RI WKH $PHULFDQ $VVRFLDWLRQ RI *HRJUDSKHUYV
2SHQVKDZ 6 7KH PRGLILDEOH DUHDO XQLW SUREOHP &l
*HRJUDSK\ b

2SHQVKDZ 6 DQG 2SHQVKDZ & $UWLILFLDO ,QWHOOLJH
6RQV ,QF

3DUDVLGLV ( 3LNH ( DQG OF*UDZ ' $ EHOPRQW UHS
(QJODQG -RXUQDO RI OHGLFLQH b

3DVINH HW DO 3\WRUFK $Q LPSHUDWLYH VW\OH KLJK SHUIR

$GYDQFHV LQ 1HXUDO ,QIRUPDWLRQ 3URFHVVLQJ 6\WWHPYV

30HVVHU + ( 5HSURGXFLELOLW\ YV UHSOLFDELOLW\ D

JURQWLHUV LQ 1HXURLQIRUPDWLFV

5H\ 6 - DQG )UDQNOLQ 5 6 +DQGERRN RI 6SDWLDO $QD

(GZDUG (0OJDU 3XEOLVKLQJ

6PLWK 7 5 $UWLILFLDO LQWHOOLJHQFH DQG LWV DSSOL

7KH 3URIHVVLRQDO *HRJUDSKHU

6WHZDUWH® PO 7RUFKJHR GHHS OHDUQLQJQZ?UWK—'HHBUSDWE’

WKHVK ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV bQ *HRJU,

7X00OLV -$ DQG .DU % "KHUH LV WKH SURYHQDQFH" HW

LQ *,6FLHQFH DQG LWV FULWLFDO DSSOLFDWLRQV $QQDOV RI
[

'DQJ 6 DQG /L : *HRDL LQ WHUUDLQ DQDO\VLV (QDEOL
GDWD IXVLRQ IRU QDWXUDO IHDWXUH GHWHFWLRQ &RPSXWHU

':DWDGDHW DO (PHUJLQJ WUHQGV WHFKQLTXHV DQG RSHQ L

UHYLHZ ,((( $FFHVV b

'LONLQVRQHW DO 7KH IDLU JXLGLQJ SULQFLSOHV IRU VFLHQ\

VWHZDUGVKLS 6FLHQWLILF 'DWD b

'LOVRQ HW® DO $ ILYH VWDU JXLGH IRU DFKLHYLQJ UHSOLFDI

ZRUNLQJ ZLWK JLV VRIWZDUH DQG DOJRULWKPV $QQDOV RI W
[

'RUNPDQ 6 6RXYHQLU 5 DQG -DFREV 1 :LGH DUHD L

DHULDO UHIHUH@BHRPDHEUQ JYU (RIOMKHIQDWLRQDO &RQIHUHQF

9LVLRQ b

<DR ;HW DO 6SDWLDO RULJLQ GHVWLQDWLRQ IORZ LPSXWDW

QHWZRUNV ,((( TUDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQVSRUW

<LQ 'HW DO $ F\EHUJLV MXS\WHU IUDPHZRUN IRU,fIHRVSDWLI

SURFHHGLQBWRFWIKH DQG ([SHULHQFH LQ $GYDQFHG 5HVHDU

6XVWDLQDELOLW| 6XFFHVV DQG ,PSDFW

=KRX HW DO /DQG GHIRUPDWLRQ SUHGLFWLRQ YLD VORSH D

$$$, &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH YRO

=KX 'HW DO 6SDWLDO UHJUHVVLRQ JUDSK FRQYROXWLRQDO

SDUDGLJP IRU VSDWLDO PXOWLYDULDWH GLVWULEXWLRQV *H]



BULYDF\ DQG (WKLFV LQ *HRS,

$FDU BW DO $ VXUYH\ RQ KRPRPRUSKLF HQFU\SWLRQ VFKHP
LPSOHPHQWDWLRQ $&0 &RPSXWLQJ 6XUYH\V b

$GDPV % DQG -DQRZLF] . 2Q WKH JHR LQGLFDW,IQYHQH V
BURFHHGLQJQVRHWXKMHWLRQDO $$%$, &RQIHUHQFH R@OHE DQ& 6R
$0DQZDWWS DO 3URORF 5HVLOLHQW ORFDOL]JDWLRQ ZLWK SU
KRPRPRUSKLF HQBUBAHHRGL QJ WK EKH ((( ,QWHUQDWLRQDO &F
,QIRUPDWLRQ 3URFHVVLQJ LOP6HQVRU 1HWZRUNYV

$QGU«V ®lW DO *HR LQGLVWLQJXLVKDELOLW\ 'LIIHUHQWLDO
VI\VWHRMURFHHGLQJV RHEGWIKH*6$& &RQIHUHQFH RQ &RPSXWHU

&RPPXQLFDWLRQV 6BFXULWI

$UPVWURQJ 03 B5XVKWRQ * DQG =LPPHUPDQ '/ *HF
GDWD WR SUHVHUYH FRQILGHQWLDOLW\ B6WDWLVWLFV LQ OHG
$UPVWURQJ 03 7VRX 0+ DQG 6HLGO ', @ &RPSUHKH®WRISYH
*HRJUDSKLF ,QIRUPDWLRQ 6\WVWHPV (OVHYLHU ,QF b

$UXPXJDP 6 DQG %KDUJDYL 5 $ VXUYH\ RQ GULYLQJ EF
LQVXUDQFH XVLQJ ELJ GDWD -RXUQDO RI %LJ 'DWD P
%YHFNPDQ 5 - %DJJHUO\ . $ DQG OF.D\ 0 &UHDWLQ

SRSXODWLRQV 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW $ 3ROLF\
%RHUPDQ 6 & .UXLNHPHLHU 6 DQG =XLGHUYHHQ %RUJHVL
DGYHUWLVLQJ $ OLWHUDWXUH UHYLHZ DQG UHVHDUFK DJHQG
%UXQLOMWODO 'ULIW ( HH VSDWLDO IHDWXUH VK@ULQJ LQV
BURFHHGLQJWHRBBIKE,*63%$7,%$/ ,QWHUQDWLRQDO :RUNVKRS RQ
5HFRPPHQGDWLRQV *HRVRFLDO 1HWZRWNV DQG *HRDGYHUWL\

%XUJHVV 0 +RZ JGBUHIGY ODIDNLQ@H

&KDUOHX[ / DQG 6FKRILHOG . 7TUXH VSDWLDO N DQRQ\F
DGDSWLYH DUHDO PDVNLQJ &DUWRJUDSK\ DQG *HRJUDSKLF ,C
&ODUNH 5 BULYDF\ LPSDFW DVVHVVPHQW ,WV RULJLQV
6HFXULW\ 5HYLHZ P

&UDZIRUG . DQG 6FKXOW] - %LJ GDWD DQG GXH SURFH

SUHGLFWLYH SULYDF\ KDUPV %&/ 5HY

&XQQLQJIJKDP 7 &RUPRGH * DQG )HUKDWRVPDQRJOX +
ORFDWLRQ GDWD L@ WKK ,OMDHU 2RWREB QDO 6IPSRVLXP RQ 6SDI
'DWDEDVHW

'DNDOEDHW DO $UWLILFLDO LQWHOOLJHQFH FULPH SUHGLF
UHYLHZ 6RFLDO 6FLHQFHV +XPDQLWLHYVY 2SHQ

'KDU 6 DQG 9DUVKQH\ 8 &KDOOHQJHV DQG EXVLQHVV F

VHUYLFHV DQG DGYHUWLVLQJ &RPPXQLFDWLRQV RI WKH $&0

'REVRQ - ( DQG )LVKHU 3) *HRVODYHU\ ,((( 7THFKQROR
b

'UHVVHO - DQG )DULG + 7KH DFFXUDF\ IDLUQHVV DQG

6FLHQFH $GYDQFHYV HDDR

'XEEHU 0' 3DVTXDOH ) DQG 'DV 6 7KH 2[IRUG +DQC

+DQGERRNYV

"ZRUN & 'LI1HUH Q@Y DRSO FADQIJXDJHV DQ® BURJUDP

,QWHUQDWLRQDO &ROORTXLXP ,&%/3 9HQLFH ,WDO! -XOlI

6SULQJHU b

J)LQQ 5/ :ULJKW ' DQG )ULHGHZDOG 0 BHYHQ W\SH)

BURWHFWLRQ &RPLQJ RI $JH [n)

JRQWHVHW DO $L SRZHUHG SXEOLF VXUYHLOODQFH VA\VWHPV

DQG KRZ ZzH zDQW WKHP 7HFKQRORJ\ LQ 6RFLHW\

*DPEV 6 .LOOLMLDQ 0 2 DQG GHO 3UDGR &RUWH] 01

JHRORFDWHG GDWD -RXUQDO RI &RPSXWHU DQG 6\VWHP 6FLH

*KLQLWDB/ W DO $ UHFLSURFDO IUDPHZRUN IRU VSDWLDO N DQ
b

*UHNRXVLY * DQG /LX < 'LILWDO FRQWDFW WUDFLQJ F

DZDUHQHVV WHFKQRORJ\ WR ILJKW FRYLG D VIVWHPDWLF U



*ULIILWK ' $ 8QFHUWDLQW\ DQG FRQWH[W LQ JHRJUDSK)\
DXWRFRUUHODWLRQ VSDWLDO VDPSOLQJ DQG KHDOWK GDWD
*HRJUDSKHUV b

*XKD 6HW DO .RL $ ORFDWLRQ SULYDF\ SODWRILEP, IRR®PDU

+DUPDQFL $ DQG *HUVWHLQ ©0 AXDQWLILFDWLRQ RI SUL
SKHQRW\SH JHQRW\SH GDWD OLQNLQJ DWWDFNV 1DWXUH OHV
+DVDQ HW DO $XWRPDWLFDOO\ GHWHFWLQJ E\VWDQGHU® LQ
((( 6\PSRVLXP RQ 6HFXULW!| DQ@(3ULWDF!| 63
+RMDWHWO DO 'HFHQWUDOL]JHG JHRSULYDF\ OHYHUDJLQJ VRF
ZHE ,QWHUQDWLRQDO -RXUQDO RI *HRJUDSKLFDO ,QIRUPDWLF
-DQRZLF]JHW DO 8VLQJ VHPDQWLF VLIJQDWXUHV IRU VRFLDO \
,OORELOLW\ 3DWWHUQV %LJ 'DWD DQG 7UDQVSRUW $QDO\WLF
-LDQJ HW DO /RFDWLRQ SULYDF\ SUHVHUYLQJ PHFKDQLVPV L
FRPSUHKHQVLYH VXUYH\ $&0 &RPSXWLQJ 6XUYH\V b
-LDQJ HW DO $ VXUYH\ RQ ORFDWLRQ SULYDF\ SURWHFWLRQ
-RXUQDO RI 1IHWZRUN DQG &RPSXWHU $SSOLFDWLRQYV b
-RELQ $ ,HQFD 0 DQG 9D\HQD ( 7KH JOREDO ODQG\
1DWXUH ODFKLQH ,QWHOOLJHQFH b
.DPHO %RXORV 01 3HQJ * DQG 9R3KDP 7 $Q RYHUY
KHDOWK DQG KHDOWKFDUH ,QWHUQDWLRQDO -RXUQDO RI +HD
_.HiOHU & DQG OF.HQ]JLH * $ JHRSULYDF\ PDQLIHVWR 71
.LP - :HW DO $ VXUYH\ Rl GLIIHUHQWLDO SULYDF\ EDVHG Wt
WR ORFDWLRQ EDVHG VHUYLFHV &RPSXWHUV G6HFXULW\
.RXQDGL 2 DQG /HLWQHU o0 'K\ GRHV JHRSULYDF\ PDWYV
FRQILGHQWLDO GDWD SUHVHQWHG RQ PDSV -RXUQDO RI (PSLI
(WKLFV b
.RXQDGL 2 DQG /HLWQHU 0 $GDSWLYH DUHDO HOLPLQTL
GLVFORVLQJ SURWHFWHG VSDWLDO GDWDVHWY &RPSXWHUV |
.RXQDGLH® DO $ VI\VWHPDWLF UHYLHZ RQ VSDWLDO FULPH I
b
.XPDU ' DQG -DNKDU 6 ' $UWLILFLDO LQWHOOLJHQFH L
FRQVHUYDWLRQ ,PSDFW RI $UWLILFLDO ,QWHOOLJHQFH RQ 2U
/LX %W DO /RFDWLRQ SULYDF\ DQG LWV DSSOLFDWLRQV $
[
/JLX <HW DO 3RLQW RI LQWHUHVW GHPDQG PRGHOLQY ZLWK K
SURFHHGLQJWRBISRE,*." ,QWHUQDWLRQDO &RQIHUHQFH RQ .(
'DWD OLQLOW
OD\VRQ 6 * %LDV LQ ELDV RXW 7KH <DOH /DZ -RXUQDO
OF.HQJLH * -DQRZLF] . DQG 6HLGO *HR,QULYDF\ E|
*HRVSDWLDO 'DWD LQ D &KDQJLQJ :RUOG 6HOHFWHG 3DSHUV .
*HRJUDSKLF ,QIRUPDVBSRQ GFHWY Q F H
OF.HQ]JLH * DQG 0ZHQGD . ,GHQWLI\LQJ UHJLRQDO YDU
D JOREDO SDQGHPLF -RXUQDO RI 6SDWLDO ,QIRUPDWLRQ 6FLF
OF.HQ]LH HW DO 3ULY\WR $ SULYDF\ SUHVHUYLQJ ORFDWLRC
7UDQVDFWLRQV LQ *,6
OLWWHOVWDGW % 3ULQFLSOHV DORQH FDQQRW JXDUDQ
b
0,NDQGHU - DQG )ORULGL / (WKLFV EDVHG DXGLWLQJ \
ODFKLQHV b
O0XQLU HW DO &DQFHU GLDJQRVLV XVLQJ GHHS OHDUQLQJ D

0OXQMDO . DQG %KDWLD 5 $ VIVWHPDWLF UHYLHZ RI KR
FROQOWULEXWLRQV LQ KHDOWKFDUH LQGXVWU\ &RPSOH[ ,QWH
1DLN AW DO /HIDO DQG HWKLFDO FRQVLGHUDWLRQ LQ DUWL
WDNHV UHVSRQVLELOLW\" )URQWLHUV LQ 6XUJHU\



1DUD\DQDQ $ DQG 6KPDWLNRY 9 S5REXVW GH DQR@\PL]
,((( 6\PSRVLXP RQ 6HFXULW!| DQG 3WLYDMP VS

1D\ORU &' 2Q WKH SURVSHFWV IRU D GHHS OHDUQLQJ
p
1HOVRQ 7 *RRGFKLOG 0 DQG :ULJKW ' $FFHOHUDW|

JHRJUDSKLF LQIRUPDWLRQ VFLHQFH 3URFHHGLQJV RI WKH 1D

H

1LNROHQNR 6 , 6\QWKHWLF 'DWD IRU 'HHS /HDUQLQJ YR

20WHDQXH® OO 4XDQWLI\LQJ LQWHUGHSHQGHQW SULYDF\ U

7UDQVDFWLRQV RQ ORELOH &RPSXWLQJ

3DQ HW DO B3ULYDF\ ULVNV RI JHQHUDO SxQSRVH((ODQJXDJH

6|PSRVLXP RQ 6HFXULW| DQE(BULY®DF| 63

BHGHUVHQ 'O 'LPHQVLRQV RI SULYDF\ 3HUFHSWXDO DQ
b

3HQVD 5 * 'L %ODVL * DQG %LRJOLR / 1HWZRUN DZ
RQOLQH VRFLDO QHWZRUNV B6RFLDO 1HWZRUN $QDO\VLV DQG
5DR -HW DO /670 7UDM*$1 $ 'HHS /HDUQLQJ $SSURDFK WR 71
SURWHE@/LR@QRZLF] DQG - $ 9HUVWHJIHQ HGV WK ,QWHUQI

*HRJUDSKLF ,QIRUPDWLRQ 6FLHQFH *,6FLHQFH 3DUW , '
'DIVWXKOP/HLEQL] =HQWUXP 1%U ,QIRUPDWLN /HLEQL] ,QWHUC
/,3,FV YRO =) $YDLODEOH IURP

KWWSV GURSV GDJVWXKO GH RSXV YROOWH[WH
5DR -HW DO $ SULYDF\ SUHVHUYLQJ IUDPHZRUN IRU ORFDWL
GHFHQWUDOL]HG FROODERUDWLYH PDFKLQH OHDUQLQJ 7UDQ\
S5LEHLUR 1DYDUUHWH 6 6DXUD -5 DQG 3DODFLRV 0DUTX«
PDVV GDWD FROOHFWLRQ $VVHVVLQJ SDQGHPLF VXUYHLOODQ
7HFKQRORJLFDO )RUHFDVWLQJ DQG 6RFLDO &KDQJH
5LFKDUGVR®W 0O 5HSOLFDWLRQ RI VFLHQWLILF UHVHDUFK
FRQILGHQWLDOLW\ DQG GDWD VKDULQJ FKDOOHQJHV LQ JHRV
b

SLHGHUHMWE&O /LQNLQJ XVHUV DFURVV GRPDLQV ZLWK ORFD
YDOLGD@BURGHHGLQIJWKRI , WHHUQDWLRQDO &RQIHUHQFK RQ R
6HLGO ' ( -DQNRZVNL 3 DQG 7VRX 0 + 3ULYDF\ DQG
PDVNHG JSV WUDMHFWRU\ GDWD ,QWHUQDWLRQDO -RXUQDO R
p

6WDKO % & DQG :ULJKW ' (WKLFV DQG SULYDF\ LQ DL C
UHVSRQVLEOH UHVHDUFK DQG LQQRYDWLRQ ,((( 6HFXULW\ 3|
6BWHYHQWWs DO ,QYHVWLJDWLQJ XVHU SULYD®B\:RQ NDWKRERRQ |
ORELOH 6HFXULW\ 7THFKQRORJLHVY OR67 YRO p

6XQ *HW DO /RFDWLRQ SULYDF\ SUHVHUYDWLRQ IRU PRELOH
,((( $SFFHVYV b

6ZDQOXQG ' BFKXXUPDQ 1 DQG %UXVVRQL 0 ODVNP
SURWHFWLQJ JHRSULYDF\ XVLQJ JHRJUDSKLF PDVNV 7UDQVDF
6ZHHQH\ / N DQRQ\PLW\ $ PRGHO IRU SURWHFWLQJ SUL
8QFHUWDLQW\ )X]]JLQHVV DQG .QRZOHGJH %DVHG 6\WWHPV
7KRPSVRQ 6 $ DQG :DUJHO & 7ZHOYH PLOOLRQ ,®KRQHV
(WKLFV Rl 'DWD DQG $QDO\WLFV $XHUEDFK 3XEOLFDWLRQV
7REOHU : 5 $ FRPSXWHU PRYLH VLPXODWLQJ XUEDQ JUR
*HRJUDSK\ VXS b

9DLVK\DH® DO $UWLILFLDO LQWHOOLJHQFH DL DSSOLFDWL
OHWDEROLF 6\QGURPH &OLQLFDO 5HVHDUFK G5HYLHZV

9HUKHOVW + 0 6WDQQDW $ DQG OHFDFFL * ODFKLQ
ELJ GDWD FROOHFWLRQ DQG DQDO\VLV LQIOXHQFHV WKH SULY
(QILQHHULQJ (WKLFV b

9R3KDP AW DO (PHUJLQJ WUHQGV LQ JHRVSDWLDO DUWLILFL
DSSOLFDWLRQV IRU HQYLURQPHQWDO HSLGHPLRORJ\ (QYLURC
'DQJ 4HW DO /HDUQLQJ IURP VIQWKHWLF GDWD IRJ FURZG F
BURFHHGLQJUREWKERQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3L



[
'DQJ 5HW DO $ GH DQRQ\PL]DWLRQ DWWDFN RQ JHR ORFDWH}
WHPSRUDO LQQAXRQPBWLRQ DQG &RPPXQLFDWLRQV 6HFXULWI
&RQIHUHQFH ,&,&6 BWHLMLQJ &KLQD 'HFHPEHU b 5
6SULQJIHU b

=KDQJ HW DO 3ULYDF\ LVVXHV DQG XVHU DWWLWXGHV WRZD
JURXS VVOXB®\RFHHGLQJV RI WKH +XPDQ )DFWRUV DQG (UJRQRP
6$*( 3XEOLFDWLRQV 6DJH &$ /RV $QJHOHV &$ YRO

=KDQJ + DQG OF.HQ]JLH * 5HKXPDQL]H JHRSULYDF\ IUR
SHUFHSWLRQ *HR-RXUQDO b

=KDR #W DO 'HHS IDNH JHRJUDSK\" ZKHQ JHRVSDWLDO GDWI
LQWHOOLJHQFH &DUWRJUDSK\ DQG *HRJUDSKLF ,QIRUPDWLRQ
=KRQJ HW DO <RX DUH ZKHUH \RX JR ,QIHUULQJ GHPRJUDSK
FKHFN IQBWRFHHGLOQJVIRMWWKKIRO ,OQWHUQDWLRQDO &RQIHUHQFF
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