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Executive Summary

Dutch railway stations are under increasing pressure to provide more bicycle parking to
meet rising demand. As cycling remains an important form of transport for the first and
last miles of a journey, making efficient use of existing bicycle parking infrastructure is
crucial. However, many facilities are struggling with outdated designs, overcrowding and
changing user behaviours, particularly the increasing number of non-standard bicycles.
This research examines how bicycle parking facilities at railway stations can be made to
operate more efficiently in order to serve a greater number of users within the constraints
of limited space. The main research question is therefore:

What strategies can enhance the usage efficiency of bicycle parking facilities at railway
stations in the Netherlands based on their operational dynamics?

In this context, efficiency is defined as the ability to serve the maximum number of users
with the least strain on capacity. Thisis measured by three indicators: occupancy, turnover
and parking pressure. Occupancy is the ratio of occupied spaces to capacity, while turnover
is the number of bicycles parked within a given time period. Parking pressure is the
proportion of parking spaces in use within a given time period. These indicators reflect
how intensively a facility is used and determine whether demand is well matched to supply.

Facility characteristics, such as design and location, influence user decisions, which in
turn affect overall efficiency. These interactions are illustrated by the conceptual diagram
in figure 1. This shows how these interactions flow from macro-level infrastructure to
micro-level user actions and back to system-wide outcomes.
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Figure 1: Conceptual diagram of usage efficiency

To explore the operational dynamics of these facilities, the study combines a data-driven
analysis with contextual insights gained from interviews with facility staff. The quantita-
tive component draws on check-in and check-out data from 20237 2024 to calculate usage
metrics across 97 bicycle parking facilities. A time-series clustering approach was em-
ployed to categorise the facilities into usage-based groups, and statistical tests were used
to validate these distinctions. Qualitative interviews enriched the analysis by providing
first-hand insights into daily operations, user behaviour and challenges.



The clustering analysis revealed six distinct usage patterns, each of which was found to
be associated with different user patterns as a results of different overall user behaviour
and operational contexts. There was significant variation in efficiency between clusters,
highlighting mismatches between infrastructure and actual use. Two clusters emerged
as particularly efficient, while others revealed issues such as long-term bicycle storage,
abandoned bikes and a lack of enforcement.

Figure 2 shows these usage patterns per cluster. The usage patterns are analysed using
a representative average week to capture typical demand. The average week consists
of a period of four weeks in September and October, excluding irregular periods such as
holidays, and averaging occasional events and possibly weather effects.
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Figure 2: Average usage patterns per cluster of the representative weeks

The graph illustrates the following usage trends:

A Clusters 1 and 5 demonstrate sharp weekday rush-hour peaks, reflecting intensive
home-end commuter use during work-related travel.

A Cluster 2 shows elevated nighttime occupancy and increased weekend use, likely
driven by large urban areas with significant student populations and longer parking
durations.

A Cluster 3 displays also a home-end commuter-oriented pattern, but elevated night-
time occupancy suggests extended parking durations.

A Cluster 4 facilities show less high peaks and deep troughs, a more steady usage,
indicating balanced traffic. The double peaks during the day suggests two-way flows,
reflecting different types of users.

A Cluster 6 shows a usage trend that combines increased weekday activity with signif-
icant weekend usage, reflecting a vibrant urban environment.

The relationship between cluster grouping and facility efficiency is visualised in figure 3,
which plots turnover against parking pressure for a representative week. Facilities above
the diagonal trend line are relatively efficient, exhibiting high turnover for their level of
pressure, while those below indicate inefficiencies such as long parking durations with lim-
ited user exchange. Clusters 1 and 2 are the most efficient. Cluster 1 tend to be medium-
sized facilities at production stations with short parking durations and clear home-end
weekday commuting patterns. Cluster 2 comprises large, guarded facilities at attraction
stations, characterised by high weekend turnover and the shortest average stays. Cluster
3 mainly includes small, unguarded facilities with limited services, showing low turnover
and long stays despite moderate pressure, signalling lower efficiency. Cluster 4 is the
least efficient, with the longest parking durations and highest pressure. Frequent issues
like orphaned bicycles contribute to congestion. Clusters 5 and 6 reflect intermediate and
less efficient usage. Cluster 5 includes small, unguarded home-end commuter stations
with moderate turnover. Cluster 6 shows dual-use patterns typical of attraction stations,
high pressure but long average stays, indicating reduced efficiency.
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Figure 3: Usage efficiency clusters through turnover and parking pressure

Qualitative findings complement the quantitative patterns and inform targeted interven-
tions. Guarded facilities (clusters 1, 2, and 4) are associated with higher perceptions of
security and cleanliness, while self-service facilities (clusters 3, 5, and 6) often face chal-
lenges in user discipline, layout clarity, and enforcement. Subscriptions may distort true
occupancy levels, and the rising prevalence of non-standard bicycles increases pressure
on infrastructure. These findings, together with the conceptual diagram and interview in-
sights, shape the following overarching strategies for enhancing bicycle parking efficiency:

Monitor efficiency throughout the facilityés lifespan: Efficiency should be measured
not only in terms of occupancy, but also in terms of turnover relative to parking pressure.
Regular monitoring of this ratio allows early detection of inefficiencies. Interventions such
as time limits or pricing adjustments can then be applied to maintain or restore efficient
usage.

Strengthen enforcement: Long-term and abandoned bicycles reduce facility efficiency.
Effective strategies include improved digital recording, consistent monitoring and clear
responsibilities between stakeholders (NS, ProRail and municipalities). These measures
influence both user behaviour and system capacity.

Match design and policy to usage context: Facilities need to be tailored to local de-
mand. As urban hubs require well-integrated, guarded services, smaller stations benefit
from compact, intuitive designs. Where long-term use is prevalent, responses include
revising parking time limits, changing pricing and subscriptions or improving enforcement.
Where use is low despite pressures in the public surrounding, better signage and shorter
walking distances can encourage use.

Accommodate diverse bicycle types: Current facilities often lack suitable racks for
non-standard bicycles, bicycles with crates/childrenis seats or cargo bikes. These users
park informally, reducing order and space efficiency. Solutions include innovative rack
designs tailored to these types, placed in convenient and visible locations based on local
demand and space availability.

Improve user experience of self-service facilities: There is a lower sense of security
and a higher risk of theft in self-service facilities. Measures to improve security include
passive surveillance (e.g. with adjacent services such as bicycle repair shops), robust
sighage and intuitive layout design to prevent misplacement and misuse by users. These
improvements can enhance both perceived and actual security, increasing user confidence
and facility efficiency.



These overall strategies can be further specified into cluster-targeted approaches that
address the distinct usage patterns and contextual characteristics:

A Cluster 1 Efficient Weekday Commuter Facilities
Challenge: Underutilisation during weekends despite high weekday turnover.
Strategy: Encourage off-peak use by offering free or discounted weekend access,
increasing overall facility utilisation.
A
Challenge: Space constraints and high demand limit scalability.
Strategy: Implement dynamic space allocation (e.g., dual use of shared bicycle ar-
eas), support with real-time information, improved signage to sustain high turnover.
A Cluster 3 Inefficient Commuter Facilities
Challenge: Long parking durations, abandoned bicycles, and lack of oversight.
Strategy: Increase monitoring through manual checks, improve signage, and reduce
long-term parking to free up capacity by for example strict enforcement.
A
Challenge: High congestion due to second bike use and limited enforcement.
Strategy: Conduct facility-specific analysis as interviews with staff for tailored action,
strengthen enforcement, review parking time limits, and adjust subscription policies.
A Cluster 5 Intermediate Efficient Commuter Facilities
Challenge: Limited use outside peak hours and weak enforcement presence.
Strategy: Improve perceived safety and signage, partner with local services, and
increase monitoring to enhance off-peak attractiveness without disrupting (home-
end) commuter flow.
A Cluster 6 Inefficient Mixed-Use Facilities
Challenge: High demand with long parking durations and insufficient turnover.
Strategy: Similar to cluster 4, strengthen enforcement, review subscription use, and
investigate causes to design appropriate interventions.

This study improves our understanding of bicycle parking at railway stations by focusing
on operational efficiency and the extent to which facilities serve users in the context of
limited space and resources. Instead of examining perceptions or satisfaction, it analyses
real usage patterns to reveal where systems are effective and where they are not. The
results show that context is important: inefficiencies may be manageable in small stations,
but active designh and management are essential in high-demand urban hubs to maintain
functionality.

The findings demonstrate that context matters. While inefficiencies may be tolerable or
even negligible at smaller stations, in urban centres, limited space and high demand re-
quire active, data-driven management. High performing locations such as Utrecht Cen-
traal show that complex, high pressure environments can function efficiently with good
coordination, adaptive policy and user focused design. In contrast, dual function facili-
ties serving both access and egress often experience conflicting user demands and time
patterns, requiring a more integrated planning approach.

This study identifies parking pressure and turnover as key performance indicators, provid-
ing station operators and policymakers with practical tools. When incorporated into visual
dashboards, these indicators support proactive management, allowing stakeholders to de-
tect inefficiencies early and respond with targeted strategies, such as enforcement, pricing
or infrastructure adjustments. The findings also emphasise the importance of accommo-
dating various types of bicycles, enhancing the user experience of self-service facilities,
and aligning design and policy with local demand.

However, limitations include incomplete data on subscription use, the exclusion of short-
term parking and unattended facilities, and potential bias arising from clustering decisions
made for interpretability. Furthermore, staff perspectives were prioritised over direct user
input, and the role of shared mobility requires further exploration in future studies.



Contents

Introduction 1
1.1 Problem Analysis . . . . . . . . . . 2
1.2 Usage Efficiency . . . . . . . . o e e e 3
1.3 Research Goal and Questions . . . . . . . . . . . . . . . . . . e 3
1.4 Outline . . . . . . L e e e e e e e e e e 4
Methodology 5
2.1 Quantitative Analysis . . . . . . . . L L e e e e e e e 6
2.1.1 Data Description . . . . . . . . . . Lo e e e e e 6
2.1.2 Data Processing Steps . . . . . . . . . . . e e e e e e e e 6
2.1.3 Time Series COomparison . . . . . . . o o i i i i i e e e e e e e e e 7
2.1.4 Clustering Method . . . . . . . . . . . . L 8
2.1.5 Model Selection and Fit for Time Series Clustering . . . . . . . ... .. 9
2.1.6 Cluster Validation . . . . . . . . . . . . . . . ... e 9
2.2 Qualitative Analysis . . . . . . . .o e e e e 10
2.2.1 Semi-Structured Interviews . . . . . . . . . .. ... 10
Context Bicycle Parking 13
3.1 Integration of Bicycle and Train . . . . . . . . . . . . ... 14
3.2 USBIS . . . . e e e e e e e e e e e e e e e e e e e e e e 16
3.2.1 Characteristics . . . . . . . . . . . . L e e e e e e e e 16
3.2.2 Parking Behaviour . . . . . . . . ... e e 17
3.3 Facilities . . . . . . . . e e e e e e e e e e e e 19
3.3.1 Operational ASpects . . . . . . . . . L e e e e e e e e e 19
Usage Efficiency 25
4.1 Interaction Users and Facilities . . . . . . . . . .. .. ... .. 000 25
4.2 Indicators Usage Efficiency . . . . . . . . . L 26
4.3 Conceptual Model of Usage Efficiency . . . .. ... ... ... ... ...... 27
Data Processing 30
5.1 Data PreproCcessing . . . . . . . . v i i i it e e e e e e e e e e e e e 30
5.1.1 Data Description . . . . . . . . . . . . e e e e e e e e e e 30
5.1.2 Data Filtering . . . . . . . . . . . . e e e e e e e e e e 30
5.2 Usage of Bicycle Parking Facilities. . . . . . . . .. ... ... .......... 34
5.3 Macro Context and OQutcome . . . . . . . . . . . . . ..o e e 36
5.3.1 Contextvariables . . . . . . .. .. . . ... ... e 36
5.3.2 Outcome variables . . . . . . . . . . Lo oo 37
5.4 Model Fit for Time Series Clustering . . . . . . . . . . . . ... .. 40
Results 42
6.1 Usage Patterns . . . . . . . . . . e e e e e e e 42
6.2 Macro Contextand Qutcome . . . . . . . . . . . . . i it 45
6.2.1 Overall Results . . . . . . . . . . . . e 45
6.2.2 Results per Cluster . . . . . . . . . . . . . .. i 46
6.3 Qualitative Results Efficiency . . . . . . . . ..o 53
6.4 Summary Results . . . . . . . L e e e e e e e 54
6.5 Interpretation . . . . . . . . . L L L e e e 56
6.5.1 Occupancy and Facility Age . . . . . . . . . . . . . . . e 56
6.5.2 Efficiency Clusters . . . . . . . . . . . . . . .. e e 57
6.5.3 Operational Strategies . . . . . . . . . . . . . i e e 58

Vi



Contents vii

7 Conclusion, Discussion and Recommendations 63
7.1 Conclusions . . . . . . . o e e e e e e e e e e e e e e 63
7.2 DISCUSSION . . . . . i i e e e e e e e e e e e e e e e e e e e e e 67

7.2.1 Implications . . . . . . . . . e e e e e e e e e e 67
7.2.2 Generalisability . . . . . . . e 69
7.3 Recommendations . . . . . . . . . . . . e e e e e e e e e e e e e e 69
7.3.1 Recommendations for Practice . . . . . . . . . . . . . .. ... 69
7.3.2 Limitations and Recommendations for Future Research. . . . . . . . .. 71

References 73

A Summaries Interviews 77
A.1 Thematic Summary of Bicycle Parking Interviews . . . . . . . . ... ... ... 77
A.2 Individual Interviews . . . . . . . . . . . L e e e e e e e e e e e 80

A.2.1 District Manager Region Utrecht . . . . . . . . .. ... .. ... ..... 80
A.2.2 District Manager Region Randstad Zuid . . . . . .. ... ... ...... 81
A.2.3 UnitLead, Utrecht . . . . . . . . . . . . . . . . . . i e 83
A.2.4 Staff Member 1, Utrecht . . . . . . . . . . . . . . ... .. .. .. .... 85
A.2.5 Staff Member 2, Utrecht . . . . . . . . . . . . . . .. ... 86
A.2.6 Unit Lead, Rotterdam . . . . . . . . . . . . & . . e e 88
A.2.7 Staff Member 1, Rotterdam . . . . . . . . . . . . . . ... .. ... .. 89
A.2.8 Staff Member 2, Rotterdam . . . . . . . . . . . ... ... .. .. ..., 91

B Data Processing and Model Application 93
B.1 Data Processing . . . . . . . . . o o e e e e e e e e e e 93
B.2 Temporal Usage Pattern Clustering . . . . . . . . . . . . ... .. ... ..... 95
B.3 Efficiency Evaluation Clusters . . . . . . . . . . . . . . . . ... ... 97

C Average Week per Location 99

D Locations per Cluster 102

E Categorical Variables Macro Context 103

F Macro Context and Outcome per Location 104

G Al Acknowledgement 110



N

N
=

wwww
A WN P

N R

CoNOUIhWN R

DO o1 o1 o1 ool oo ool
O~ WN P

»
o]

ENIENIEN]
wN e

>
-

List of Figures

Conceptual diagram of usage efficiency . . . . . . . ... .. ... ... ii
Average usage patterns per cluster of the representative weeks . . . . . . .. iii
Usage efficiency clusters through turnover and parking pressure . . . . . . . . iv

Examples of parking facility dynamics at Stationsplein Utrecht Centraal (Own

source, 2024) . . L oL L L e e e e e e e e 1
Flow chart research questionsand methods . . . . . . ... ... ... ..... 5
Share access and egress modes (Ton and van den Heuvel, 2023) . .. .. .. 15
Stakeholder diagram of operational dynamics bicycle parking facilities . . . . 20
Types of bicycle parking facilities at stations (PwC, 2020) . . .. ... ... .. 20
National share, respectively category F, C, T, XL, XXL (NS, 2025) . . ... .. 23
Coleman diagram (Ylikoski, 2021) . . . . . . . . . . . . . . . ... oo 25
Conceptual diagram of usage efficiency . . . . . . . ... . ... ... ..... 28
Distribution of (rearranged) start hours of number of parking actions . . . . . 31
Distribution of (rearranged) end hours of nhumber of parking actions . . . . . . 31
Distribution of parking actions first 24 hour . . . . . . . . . .. .. ... ... 32
Distribution of parking actions firsthour . . . . . . . . . . . ... ... 32
Distribution short parking actions over 2023 and 2024 . . . . . ... ... .. 33
Distribution short parking actionsovertheday . . . . . .. ... ... ..... 33
Total accumulation in facilities 2023 and 2024 . . . . . . . . . . ... ... .. 35
Number of facilities with maximum occupancy per month . . . . . . . ... .. 35
Silhouette scores for different methods . . . . . . . . .. ... o000 40
Average usage patterns per cluster of the representative weeks . . . . . . .. 42
Temporal patterns clusters identified using Soft-DTW on time series data. . . 43
Distribution of context variables bicycle parking facilities per cluster . . . . . . 48
Distribution of outcome variables for bicycle parking facilities per cluster . . . 51
Comparison of maximum occupancy rate and parking pressure with exploita-

tiondate . . . . . . L e e e e e e e e e e 56
Usage efficiency clusters through turnover and parking pressure . . . . . . .. 58
Conceptual diagram of usage efficiency . . . . . .. ... . ... ... ..... 63
Average usage patterns per cluster of the representative weeks . . . . . . .. 64
Usage efficiency clusters through turnover and parking pressure . . . . . . .. 65

Example of surrounding bicycle parking facility Vaartsche Rijn (Google, 2023) 81

viii



List of Tables

2.1 Data format parking actions at NS bicycle parking facilities . . . . . . . . . .. 6
3.1 Summary of reviewed studies on integration of bicycle and train and parking
behaviour . . . . .. Lo 13
5.1 Number and percentage of short actions (<5 min) by location . . . . ... .. 33
6.1 Results macro context and outcome clusters . . . . . . ... ... ... .. .. 47
6.2 Average capacity percluster . . . . . . . . ... L e e e 49
6.3 Share of type of facilities percluster . . . . . . . . . ... .. ... ... ..., 49
6.4 Share of validation system types per cluster . . . . . ... ... ... ... .. 49
6.5 Average share of bicycle types percluster . . . . . . . . . .. ..., 50
6.6 Share of pricing regime types percluster . . . . . . ... ... ... ...... 50
6.7 Share of stations with bicycle services percluster . . . ... ... ....... 50
6.8 Station typology (production vs attraction) percluster . . . . . . .. ... ... 50
6.9 Average mean and median parking duration per cluster (in hours) . . . . . . . 52
6.10Average weekly and weekend turnover percluster . . . . . . . ... ... ... 52
6.11Maximum occupancy per cluster . . . . . . . . . . . ..o 52
6.12Parking pressure percluster . . . . . . . . . . ... e e e 52
6.13Effective parking price per parking action percluster . . ... ... ... ... 53
C.1 Average week selection per location . . . . .. ... ... ... ... ...... 99
D.1 Bicycle parking locations per clusters . . . . . . . . . . ... 102
E.1 Observed and expected counts facility type . . . . . . . . . ... ... ... 103
E.2 Observed and expected counts pricerate . . . . . . . . . ... ..., 103
E.3 Observed and expected counts validation system . . . . . . . .. ... ... .. 103
E.4 Observed and expected counts service . . . . . . . . . . .. ... 103
F.1 Overview of the macro context variables per bicycle parking facility . . . . . . 104
F.2 Overview of the macro outcome indicators per bicycle parking facility . . . . . 107



Introduction

In a world where urban populations are growing rapidly, cities face increasing challenges
in meeting the transport demand. Public transport systems play a crucial role in ensuring
the efficient movement of people within and between cities, helping to reduce congestion,
cut emissions and improve urban mobility. In the Netherlands, cycling is the most im-
portant means of access to train travel, accounting for about half of the daily train users
(ProRail, 2024). Cycling has many advantages over other modes of transport. Itis a highly
sustainable mode of transport, contributes to a reduced environmental impact, improves
public health and takes up less urban space than cars (Handy et al., 2014).

The multimodal combination of bicycle and a high level of transit, such as trains, can
improve door-to-door accessibility and the speed of the overall travel time. According
to a case study of (Zuo et al., 2020), it triples the transit access distance compared to
walking and additionally improves the transport equity, highlighting the importance of
integrating these modes. Well-designed bicycle parking facilities at stations are key to
enable the integration and ensure a smooth and efficient journey for daily commuters and
other travellers.

However, parking facilities are often designed long before they open, with a lifespan of at
least forty years (PwC, 2020). This can result in infrastructure that is outdated and unable
to meet demand by the time it is utilised. According to Jonkeren et al. (2018), there is
even a latent demand for bicycle parking capacity in the Netherlands. This indicates that
due to the high occupation of bicycle parking, individuals choose not to cycle to the train
station, because they know they cannot park their bikes at the station. The introduction
of additional capacity will consequently lead to an increase in users.

Furthermore, rapidly evolving travel patterns, such as the rise of shared mobility (Jor-
ritsma et al., 2021), the growing popularity of e-bikes, shifts in commuting patterns
(Arendsen et al., 2023) and the increasing size of bicycles (Broer, 2016), often outpace
the ability of existing bicycle parking infrastructure to adapt. These emerging trends can
lead to inefficiencies in usage such as overcrowding, abandoned or ésecondi bikes taking
up valuable space, and a mismatch between parking supply and demand. Some examples
of known inefficiencies are shown in figure 1.1. As governmental organisations continue
to prioritise sustainable transport solutions and the use of public transport increases (Ri-
jksoverheid, n.d.), the challenge of providing efficient and future-proof bicycle parking
becomes more pressing.
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(a) Long-term bicycle parking (b) non-standard bicycles (c) Subscriptions
Figure 1.1: Examples of parking facility dynamics at Stationsplein Utrecht Centraal (Own source, 2024)
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11. Problem Analysis 2

1.1. Problem Analysis

In recent years, the integration of cycling with rail travel combined with the topic bicycle
parking has emerged as an important component in the promotion of sustainable urban
mobility and has been the subject of research. This combination increases the accessibility
to public transport, reduces environmental impact by cutting down car dependency, and
promotes healthier lifestyles (Kager et al., 2016). Several studies highlight the importance
of convenience and accessibility in the user preferences. For example, Arbis et al. (2016)
and Gavriilidou et al. (2020) show that cyclists prefer parking facilities close to station
entrances, with minimal walking time and visible security measures. User perceptions
of service quality, accessibility, security, and the clarity of parking infrastructure explain
70% of the user experience and play an important role in shaping satisfaction and willing-
ness to use parking facilities (Hoskam, 2020). Pricing and enforcement mechanisms have
also been shown to shape parking behaviour, with moderate pricing generally not deter-
ring users and well-enforced policies effectively reducing inappropriately parked bicycles
(Fukuda & Morichi, 2007 ; Molin & Maat, 2015). In addition, the review of Martens, 2007
revealed that investments in well-designed, high-capacity infrastructure, such as guarded
parking facilities, not only improves user satisfaction but also encourage cycling as an
access and egress mode for rail travel. In chapter 3 the relevant literature on this topic is
further explained in a comprehensive literature review.

However, while cycling is typically regarded as a space-efficient mode of transport in com-
parison to cars, the considerable scale of its use in the Netherlands raises questions about
the ability of bicycles alone to meet spatial efficiency demands in dense urban contexts
(Ton and van den Heuvel, 2023). As station areas struggle to accommodate growing num-
bers of bicycles, it is critical to assess whether current parking strategies can sustain this
level of cycling, or whether alternative solutions, such as shared bicycles or innovative
spatial designs, are needed to further optimise land use. This is further elaborated by
Schakenbos and Ton, 2023, who concludes that in order to facilitate the combination of
the bicycle and train travel, the solution lies not only in creating capacity, but also in
steering demand and catching the right traveller on the right mode of transport.

Uoooooog 0od

Despite previous findings on the importance of convenience, accessibility, pricing policies,
and infrastructure investment in shaping user satisfaction and parking behaviour, signifi-
cant gaps in knowledge remain. In order to find a more efficient way to use and provide
bicycle parking that meets the growing number of cyclists, a more detailed understanding
is needed of how the facilities are used and how user preferences and behaviour influ-
ence this overall usage. EXxisting studies, such as Hoskam (2020) and Martens (2007),
provide important insights but often focus on users and specific aspects, leaving broader
questions about the overall usage of the bicycle parking facilities unanswered. In addition,
while policy and enforcement are often identified as critical factors, their practical impact
on usage patterns and user satisfaction is under-researched. This gap is particularly criti-
cal given the growing demand for cycle-rail integration and the spatial challenges faced by
urban railway stations. Further research into the operational dynamics of bicycle parking
facilities is essential to ensure that they efficiently meet user needs, promote sustainable
multimodal transport and support urban space optimisation. Moreover, little attention has
been paid to the impact of long-term trends in bicycling on the facilities, such as the adop-
tion of e-bikes, fat bikes or cargo bikes or the implications of increasing urban density. In
conclusion, the essence of addressing these research gaps lies in the thorough analysis
of bicycle parking facility usage and the development of infrastructure to accommodate
evolving trends in cycling and urban dynamics.

This research seeks to fill this gap by exploring the operational dynamics of bicycle parking
at railway stations. By addressing the gap, the study aims to inform future improvements
in efficiency of the usage of bicycle parking facilities at railway stations, ensuring that they
can effectively support the growing trend of cycle-rail integration.
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1.2. Usage Efficiency

In order to fill the gap for future improvements of efficiency of the usage, it is necessary
to determine what usage efficiency in bicycle parking means. This section explores the
concept of efficiency in the context of bicycle parking at railway stations.

NS, together with ProRail and local municipalities, provides bicycle parking facilities to
encourage train use by making it easy for travellers to access railway stations by bicycle
(Rijkswaterstaat, n.d.). This initiative aligns with the concession agreement between NS
and the Ministry of Infrastructure and Water Management, which states: 0NS shall reason-
ably ensure, together with other parties, sufficient bicycle parking spaces in the station
areas and for optimal utilisation of the available bicycle parking spaces in the station area.fi
(Article 27.1, Ministry of Infrastructure and Water Management, 2025).

In addition to facilitating multimodal travel, bicycle parking plays a crucial role in maintain-
ing urban order by preventing randomly parked bicycles from obstructing pavements and
public spaces. Poorly managed bicycle parking can create accessibility issues for pedestri-
ans, reduce the visual appeal of station areas, and contribute to urban disorder (Pucher
and Buehler, 2008). According to van der Spek and Scheltema (2015), when designated
parking facilities are available and enforcement is in place, cyclists are more likely to use
them.

Efficiency, in general terms, refers to the extent to which an activity achieves its intended
goals while minimizing resource usage (Harvey, 2024). The goal of bicycle parking at
railway station is as described to provide as many travellers as possible with a bicycle
parking spot to encourage more people to use public transport, specifically the train. Thus,
in the case of railway station bicycle parking, we define efficiency as:

Providing as many travellers as possible with a bicycle parking spot while minimising
resource usageodspecifically, the required parking space and the total number of parking
spots needed.

While cost considerations play a role in infrastructure decision-making, this study focuses
on optimising the efficiency of existing bicycle parking rather than conducting a cost-
benefit analysis. Cost plays an important role in efficiency as it is also a form of resource.
The financial aspects of bicycle parking, including construction and maintenance, are out-
side the scope of this study.

1.3. Research Goal and Questions

As urban populations grow and sustainable transport strategies become increasingly im-
portant, the integration of cycling and rail offers a significant opportunity to improve urban
mobility in the Netherlands. Despite the proven benefits of cycling and its prominent role
in accessing public transport, current bicycle parking facilities at railway stations face
challenges in meeting the growing demand. This research aims to fill existing knowledge
gaps by investigating the intricacies of the operation of bicycle parking facilities and their
effectiveness in promoting multimodal transport solutions.

The aim of this research is to optimise the efficiency of bicycle parking, ensuring that
these facilities can robustly support the bike-rail integration that is central to alleviating
urban congestion. By analysing usage patterns and operational dynamics, the study aims
to uncover strategies to improve facility utilisation and accommodate emerging cycling
trends while addressing spatial constraints at urban rail stations.

The research questions guiding this investigation are to explore the operational capabilities
of bicycle parking facilities, assessing both their strengths and areas of inefficiency. By
framing these questions, the study outlines a path towards understanding and improving
the functional effectiveness of these critical transport hubs.
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In pursuit of these objectives, the main research question of this research is:

What strategies can enhance the usage efficiency of bicycle parking facilities at railway
stations in the Netherlands based on their operational dynamics?

In order to find the answer to the main research question, the sub-questions will be used
to draw conclusions, a flowchart of this structure can be found in figure 2.1.

1. How can usage efficiency be expressed in operational dynamics of bicycle parking
facilities?

2. What are the usage patterns of bicycle parking facilities at railway stations, and how
do these patterns vary by time and location?

3. What operational dynamics of bicycle parking facilities, both efficient and inefficient,
can be observed and how can they be related to the usage patterns?

1.4. Outline

This thesis systematically explores the operational dynamics of bicycle parking facilities at
railway stations in the Netherlands, focusing on enhancing usage efficiency. The research
starts with the methodology, described in chapter 2, which explains the methods of the
quantitative and qualitative analysis of this research. Chapter 3 reviews the existing
literature and provides insights into bicycle-train integration, user behaviour, and facility
characteristics. In chapter 4, the findings are combined in the development of a conceptual
diagram of usage efficiency. The following chapter describes the data processing steps
in detail. Chapter 6 presents the results of this research. Chapter 7 summarises the
conclusions and then discusses the findings and interprets them in relation to existing
literature. Recommendations for practice are next presented, and finally methodological
limitations and recommendations for future research are discussed.



Methodology

Although bicycle use and infrastructure are widely studied, research focusing specifically
on the efficiency of bicycle parking usage remains limited. To help bridge this gap, this
study adopts a mixed methods approach, integrating both quantitative and qualitative
analyses. This chapter begins by outlining the gquantitative steps of the research. It
then describes the qualitative component, which consists of semi-structured interviews
with key personnel involved in bicycle parking operations. These interviews offer in-depth
insights into operational challenges and user feedback that may not be captured through
quantitative analysis alone. The resulting insights from the interviews are integrated into
relevant sections of the report to enrich and contextualise the findings.

The initial step is to explore the concept of efficiency in the context of bicycle parking
and to determine a method for its assessment. The second research question aims to
address the usage aspect of the main research question by conducting an analysis of the
usage of different bicycle parking facilities. The final research question seeks to establish
a link between the observed usage patterns and the operational aspects, efficiencies and
inefficiencies, with the objective of developing effective strategies that will lead to more
efficient bicycle parking. In figure 2.1 the process of answering the research questions is
presented.

( Literature & Interviews )

1. Definition usage efficiency & metrics in operational dynamics

‘

( Data analysis ) ( Interviews & Data analysis )

2. Usage patterns 3. Observed operational dynamics

v

( Conclusion & Discussion )

What strategies can enhance the usage efficiency of bicycle parking facilities

at railway stations in the Netherlands based on their operational dynamics?

Figure 2.1: Flow chart research questions and methods



2.1. Quantitative Analysis 6

2.1. Quantitative Analysis

The quantitative analysis in this study aims to assess the operational dynamics of bicycle
parking facilities in terms of usage efficiency, representing the balance between demand
and supply. The analysis seeks to evaluate the level of efficiency of these facilities and
thereby identify influencing factors that could inform strategies to improve operational
efficiency. The demand-to-supply indicators are explored and explained in chapter 4.
This data-driven approach aims to identify trends, measure usage levels, and highlight
(in)efficiencies that could impact the effectiveness of bicycle parking.

2.1.1. Data Description

The primary dataset for this research consists of check-in and check-out (CiCo) transac-
tions from cycle parking facilities at NS stations, sourced from the NS central data storage.
This repository records all transactions that occur at facilities managed by NS. An attempt
was made to obtain the dataset of ProRail, which records parking durations for each park-
ing space, in order to broaden the analysis. However, this data was ultimately not made
available. As a result, the research relies on the dataset of NS, which, despite certain
limitations, provides a rich and consistent basis for assessing usage patterns across the
majority of managed bicycle parking facilities.

In order to eliminate as much as possible the potential bias due to COVID-19 interruptions,
the dataset focuses exclusively on records from 2023 and 2024. In addition, data from
December 2022 is included to account for bikes parked at the start of 2023, taking into
account the maximum 28-day parking period, ensuring a comprehensive representation
of parking activity at the start of the year.

The dataset used consists of two key tables: the first detailing individual parking activities
and the second describing parking facility attributes. These are linked by the location name
of the facility and include key attributes such as parking prices, start and end timestamps,
duration, staffing details, facility addresses, bicycle and service availability and certain
capacity metrics.

lllustration of the structure of the dataset with the parking actions:

Table 2.1: Data format parking actions at NS bicycle parking facilities

Start date Start time End date End time Duration | Location name
YYYYMMDD | Minutes count | YYYYMMDD | Minutes count Minutes Name

2.1.2. Data Processing Steps

The quantitative analysis consists of several steps, selected to build an understanding of
how bicycle parking facilities are used, and to evaluate their operational efficiency. Alter-
native methods were considered at each stage, but the final approach was chosen for its
suitability to the available data and research objectives:

A Data exploration: Initial data preparation involved cleaning, filtering, and structuring
the data to allow for consistent analysis across different facility types and locations.
These data processing steps are described in chapter 5. The analysis begins with an
examination of parking durations in order to understand usage intensity and iden-
tify any outliers or irregularities. This step establishes a baseline for defining and
interpreting usage patterns in the subsequent steps.

A Temporal usage analysis: Variations in facility usage over time are examined to un-
cover weekly and seasonal trends, which are largely shaped by commuter behaviour.
Bicycle parking facilities at railway stations exhibit clear temporal patterns aligned
with broader commuting rhythms (Jonkeren et al., 2021), a topic that is further dis-
cussed in chapter 3. These patterns are essential for identifying mismatches between
facility capacity and actual demand. To capture representative usage while avoiding
distortion from irregular periods, the analysis focuses on a selected fiaverage weekd
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an averaged period of four weeks starting in the second week of September. This is a
period when occupancy is typically high and stable across most facilities, as discussed
and demonstrated in more detail in chapter 5. This approach ensures the findings re-
flect typical demand under peak-period conditions, which facilities must be designed
to accommodate. While alternative approaches such as comparing full-year patterns
for each facility were considered, they risked overemphasising occasional anomalies
(e.g. temporary closures, local events, or weather spikes). Since the objective is
to understand structural demand under regular operating conditions, not extreme or
atypical usage, the average week approach was deemed more appropriate.

A Clustering of temporal usage patterns: To identify meaningful similarities and differ-
ences between bicycle parking facilities, a clustering analysis is conducted using time
series comparison methods. Given the large number of facilities distributed across
the Netherlands, it would be impractical to analyse each one individually. Clustering
allows for a higher-level comparison by grouping facilities that exhibit similar usage
patterns over time. These patterns follow consistent weekly cycles, making them
ideal for time series analysis. The time series comparison techniques and cluster-
ing methods are discussed in the following section, including a justification for the
selected method.

A Efficiency evaluation: Finally, the analysis applies performance measures that cap-
ture usage efficiency. Specifically, it uses indicators that reflect the relationship be-
tween demand and available supply. These metrics, which are introduced earlier in
this section and are discussed in more detail in chapter 4, assess how effectively
bicycle parking facilities accommodate users. By quantifying how space is utilised
over time, they provide a basis for evaluating whether facilities are under- or over-
utilised. To better understand the drivers behind efficiency outcomes, several contex-
tual variables are also examined, including facility type, location characteristics and
enforcement practices. This step offers deeper insight into the operational dynamics
that shape usage patterns and facility performance.

2.1.3. Time Series Comparison

In analysing the temporal usage patterns of bicycle parking facility, employing robust clus-
tering strategies is helpful for capturing the inherent variations in user behaviour across
different time series datasets for the parking locations. This study explores three similar-
ity methods for time series, Euclidean, Dynamic Time Warping (DTW), and Soft DTW, to
effectively classify facility usage patterns.

0ooioooo gmoogoo

Euclidean distance is a foundational metric used to determine similarity between time
series data by calculating the straight line distance between points. It provides a simplistic
yet efficient method for clustering when data points are uniformly distributed without
significant temporal distortion (Kate, 2016).

Giver for example for two time series X = X1;Xp;:::Xn and Y = y1;¥o;:::ym the Euclidean

distance is: Vs
Ul

%x
ED(X;Y) = Xi )2
i=1
And thus in this research that would be the square root of the difference of all normalised
accumulation point per quarter of the average week.

00000 OOo oooomo

DTW allows for flexibility in alignment, making it possible to assess how similar two facil-
ities are in their usage trends, even if their peaks occur at slightly different times (Kate,
2016). This method could provide a more robust way to compare parking facility usage,
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HQVXULQJ WKDW WKH DQDO\WVLV DFFRXQWYV IRU VKLIWY LQ SHDN GHPDQG
UDWH PHDVXUH RI VLPLODULW\

*LYHQ WR VLPLODU W IDRHBV B UARMW PDWUL[ LV FRQVWUXFWHG ZKHUH HDF|
(xi ¥j)? ZKLFK UHSUHVHQW WKH FRVW 3 R LYK B@ \B OH SRALHWWW EHWZHHQ WK
WZR VHULHV UHSUHVHQWYV WK H (R D,k RDGGWHKH '7: GLVWDQFH PLQLPLVE
WKLY DOLJQPHQW FRVWYV
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DTW(X;Y):arngivnP (xi  Vi)?
k=L wi=(ij)

$ FRQVWUDLQW WR OLPLW WKH SDWK LQ WKH FRVW PD®/ WHH VB\WRYVLEC
RI WKH QRUPDOLVHG DFFXPXODWLRQ RI D ZHHN LW LV LPSRUWDQW WKI
FURVV EHWZHHQ GD\V RI WKH ZHHN WKLY DOVR LPSURYHV WKH VSHHG |
FRQVWUDLQW LV VHW WR RQH KRXU WR DFFRXQW IRU VPDOO GLIITHUHQF
WLPHYV IDFLOLWLHY RSHQ D TXDUWHU EHIRUH WKH ILUVW WUDLQ DQG F
WUDLQ DQG VPDOO GLITHUHQFHYVY LQ SHDN WLPHYV

3 ON(u « a- Aa °48+554 O
6RIW '7: HIWHQGY WUDGLWLRQDO '7: E\ VPRRWKLQJ WKH FRVW IXQFWLRQ
DGMXVWPHQW EHWZHHQ WLPH VHULHV ,Q RUGHU WR GR VR WKH PLQ RSH
UHSODFHG E\ D VPRRWK RQH
X
min f(x) = log exp m
x2S
x2S

,Q WKLY H[SUHVYWWLR@DUDPHWHU WKDW EDODQFHY EHWZHHQ DSSURJ[LPDYV
VPRRWKQHVY DOORZLQJIOH[LEOHDGMXVWPHQW LQ WLPHVHULHV DQDO\
DQG %YORQGHMORQGHO $UWKXU OHQVFK -HDQ7XKHLOHS®HRI WKLY PHWKRC
LV VLPLODU WR WKH WUDGLWKXRDWD @& KH IXKQHFWMHRQ WR EH BLWKPLVHG DQ
FRUUHVSRQGLQJ FRVW PDWUL]

7KH WKUHH PHWKRGY KDYH GLITHUHQW VWUHQJIJWKY ZKHQ LW FRPHV WR F
7TKHPRVW VXLWDEOH PHWKRG LY VHOHFWHG E\HYDOXDWLQJ WKHLU FOXV
VFRUHVY 7KH PHWKRG ZLWK WKH KLIJIKHVW VFRUH LV WKHQ XVHG LQ WK
PHDQLQJIXO JURXSLQJ RI IDFLOLWLHY EDVHG RQ WHPSRUDO EHKDYLRXU
GLVFXVVHG IXUWKHU LQ WKH IROORZLQJ VHFWLRQV
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8VLQJ . PHDQV FOXVWHULQJ IRU DQDO\VLQJ WLPH VHULHV GDWD VXFK D
XVDJH LV DGYDQWDJHRXV GXH WR LWV VWUDLJKWIRUZDUG DSSURDFK DQ
DLPV WR PLQLPLVH WKH WRWDO ZLWKLQ FOXVWHU VXP RI VTXDUHG GLV\V
WLPH VHULHV ZLWK VLPLODU SDWWHUQV DURXQG FOXVWHU FHQWURLGYV
7KLV REMHFWLYH DOORZV IRU FOHDU DQG FRQFLVH UHSUHVHQWDWLRQ R
RYHU . PHDQV LV FRPSXWDWLRQDOO\ HIILFLHQW DQG VFDOHV ZHOO WR
SDUWLFXODUO\ VXLWDEOH IRU WLPH VHULHVY FOXVWHULQJ FRPSDUHG W
FKLFDO FOXVWHULQJ ZKLOH IOH[LEOH FDQ EHFRPH SURKLELWLYHO\ VO
WKH QXPEHU RI WLPH VHULHV JURZV $JKDER{RVYUHKBWMRMOLRQ RI FRPSOHIJL
EVJURXSLQJ VLPLODU XVDJH SDWWHUQV PDNHV . PHDQV D VXLWDEOH FO
UHVHDUFK

6WHSV LQ . OHDQV &O0OXVWHULQJ $OJRULWKP

,QLWLDOLVDWLRQQ&WRROHFHQWURLGYV UDQGERRHYV AXKR P XPEHU RI
HISHFWHG FOXVWHUYV 7KHVH FHQWURLGY DUH WKH SUHOLPLQDU\ FO

$VVLIQPHQW $VVLIQ HDFK GDWD SRLQW WR WKH QHDUHVW FHQWURL
PHWULF (XFOLGHDQ GLVWDQFH '7: RUVRIW '7: 7KLV VWHS JURXSV V
SRLQWYV FORVHVW WR HDFK FHQWURLG IRUPLQJ SUHOLPLQDU\ FOXVYV
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8SGDWLQJ &8HQWURLGYV &DOFXODWH QHZ FHQWURLGV IRU WKH FOXV'
DOO GDWD SRLQWV DVVLIQHG WR HDFK FOXVWHU HIIHFWLYHO\ VKLIW
WKHFHQWUH RI PDVV Rl WKH FOXVWHU

 WHUDWLRQ 5HSHDW VWHSVY DQG XQWLO WKH FHQWURLGYV QR OR
LQGLFDWLQJ FRQYHUJHQFH WR RSWLPDO FOXVWHU GHILQLWLRQV

7TKHVLPLODULW\PHWKRGY SDLUHG ZLWK . PHDQV HQDEOHV JURXSLQJED
LQWHUDFWLRQV FDSWXULQJ VXEWOH YDULDWLRQV LQ XVDJH SDWWHUQ"

NGBDGOG3°i°-Na +« 3]aNO 8Aa °3083°@ !'uav@N°g8a O

7R DFKLHYH D UREXVW FOXVWHU DQDO\VLY DQG ILQG WKH EHVW ILWWLC
KRXHWWH VFRUH LV XVHG DV D PHDVXUH RI FOXVWHU YDOLGLW\ SURYL
VHSDUDWHG DQG LQWHUQDOO\ FRKHVLYH WKH FOXVWHUV DUH GHSHQG
XVHG -DQX]DM HW DO

'DWD SURFHVVLQJ VWHSYV

,PSOHPHQWDWLRQ FOXVWHULQJ PHWKRG . PHDQV FOXVWHULQJ ZKlI
WLPH VHULHV GLVWDQFHY DFFRUGLQJ WR WKH WKUHH SURSRVHG Pl
DQG 6RIW '7: 7TKHVH GLVWDQFHYVY JXLGH WKH DVVLIQPHQW RI GDWD S
FOXVWHUYV

6LOKRXHWWH VFRUH FDOFXODWLRQ &DOFXODWH WKH VLOKRXHWWH
FOXVWHUV WR DVVHVV FOXVWHU TXDOLW\ 7KH IRUPXOD LV

6L OKR XHWweH_¥r )
max(a(i); b(i))
'KHU#{i) UHSUHVHQWY WKH DYHUDJH L QW UDhROX\W HIL B Y WKBHQFRIZ DDA
PHDQ GLVWDQFH WR SRLQWV LQO RWKHU FOXVWHUV ,Q WK FDVH RI W
LV WKH DYHUDJH RI DOO GLVWDQFHV ZLWKLQ WKH FOXVWHU FDOFXOD)
$QG i) WKH ORZHVW GLVWDQFH WR WKH PHDQ RI WKH RWKHU FOXVWH

OHWKRG FRPSDULVRQ DQG FOXVWHU QXPEHU &RPSDUH VLOKRXHWWF
FOXVWHU FRXQWY DQG PHWKRGV WR LGHQWLI\ ZKLFK FRQILIJXUDWLI
\LHOGV WKH KLIJIKHVW VFRUH LQGLFDWLQJ RSWLPDO FOXVWHULQJ

%\ IROORZLQJ WKHVH VWHSYVY ZH FDQ HIIHFWLYHO\ XVH . PHDQV FOXVWH
GDWH GLITHUHQW VLPLODULW\ PHWKRGY WKHUHE\ VHOHFWLQJ WKH PRVYV
WDLORUHG WR WKH VSHFLILF GDWD G\QDPLFV RI ELF\FOH SDUNLQJ IDFLO!
\VLV WKH PRGHO QRW RQO\ GHWHUPLQHYVY WKH RSWLPDO QXPEHU RI FO)>
WKH XQGHUVWDQGLQJ RI WHPSRUDO XVDJH SDWWHUQV ZKLFK LV FULWLF
DIHPHQW DQG SODQQLQJ 7KH VWHSV RI SURFHVVLQJ WKH GDWD IRU FO
DSSHQ®L|

NGPD@O@N°8 asiida3sNa

7TRIXUWKHU YDOLGDWH WKH FOXVWHULQJ UHVXOWV DQG WR DVVHVV WKH
JURXSYVY VWDWLVWLFDO WHVWY DUH SHUIRUPHG WR H[DPLQH ZKHWKHU V
QLILFDQWO\ GLITHUHQW SDWWHUQV RI IDFLOLW\ FKDUDFWHULVWLFV DQC
LQGLFDWRUYV

I Na V V@ as8a-«i°@

JRU FRQWLQXRXV YDULDEOHV VXFK DV IDFLOLW\ FDSDFLW\ DYHUDJH RF
WKH $129% $QDO\VLV RI 9DULDQFH ) VWDWLVWLF LV XVHG WR WHVW ZK}
YDULDEOHV GLIIHU VLIJQLILFDQWO\ DFURV V7KMXV VWD W LADPINFHLY FDOFXC
DV

9DULDQFH %HWZHHQ *URXSV

F =
9DULDQFH :LWKLQ *URXSYV
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$ KLIJK) YDOXH FRXSOHG ZLWK D S YDOXH EHORZ LQGLFDWHYV VWDW.L
HQFHV LQ PHDQV EHWZHHQ WKH FOXVWHUV VXJIJHVWLQJ WKDW WKH FOX
LQJIXO GLVWLQFWLRQV LQ WKH GDWDVHW

leN°O 8&-+0l A*84°«i°@

JRUFDWHJRULFDO YDULDEOHV LQFOXGLQJIDFLOLW\ W\SH H J JXDUGH
UHJLPH D &KL VTXDUHG WHVW LV XVHG WR HYDOXDWH WKH LQGHSHQGH
FOXVWHUYV 7KH &KL VTXDUHG WHVW FRPSDUHV WKH REVHUYHG IUHTXF
IUHTXHQFLHV XQGHU WKH DVVXPSWLRQ RI LOGHSHQGHQFH 7RIMOODULGD
FKL VITXDUHG VWDWLVWLF LV FDOFXODWHG DV IROORZYV

E;

ZKHUW LV WKH REVHUYHG TUHF XHWQWKBQM3ESHFWHG IUHTXHQF\ DVVXPLQJ
VRFLDWLRQ EHWZHHQ WKH YDULDEOH DQG FOXVWHU DNy LVOPMWHHW 7KH
WKDW WKH YDULDEOH LV LQGHSHQGHQW RI WKH FOXVWHUV LQ RWKHU ZF
DFURVV WKH FOXVWHUV 7KH DOWHHLUGQGRBWILWM WSIRW MHKVWLYDULDEOHYV GL
GLIIHUV VLIJQLILFDQWO\ EHWZHHQ FOXVWHKW0U5 $¥YDIEM W R DA WHINWHIPW L
RHy LQGLFDWLQJD PHDQLQJIXO UHODWLRQVKLS EHWZHHQ WKH YDULDEC
ZKLFK SURYLGHV LQWHUSUHWDELOLW\ WR WKH LGHQWLILHG XVDJH SDWV

7KHVH VWDWLVWLFDO WHVWV VXSSRUW WKH LQWHUQDO YDOLGDWLRQ RI
FOXVWHUV GLIIHU LQ ZD\V WKDW DUH FRQVLVWHQW ZLWK PHDQLQJIXO L
UHLQIRUFHV WKH XVHIXOQHVV RI WKH FOXVWHU FRQILJXUDWLRQ IRU DQ\
DERXW XVDJH SDWWHUQV DQG KHOSV WR FRQWH[WXDOLVH WKH SUDFWLFE
DQG PDQDJHPHQW

NGANGUaNeNan° «lu@a@

KLOH WKH TXDQWLWDWLYH DQDO\VLY SURYLGHY YDOXDEOH LQVLJKWYV L
HUDWLRQDO HIILFLHQF\ RI ELF\FOH SDUNLQJ IDFLOLWLHV LW GRHV QR\
EHKDYLRXUDO DQG FRQWH[WXDO IDFWRUV WKDW LQIOXHQFH WKHVH SDW
HGJHJDSV WKLV VWXG\LQFRUSRUDWHY D TXDOLWDWLYHFRPSRQHQW 7t
HQULFKHVY RXU XQGHUVWDQGLQJ RIIDFLOLW\ G\QDPLFV E\ H[SORULQJ D)
TXDQWLI\ VXFKDV FRQWH[WXDO IDFWRUV QXDQFHV LQ XVHUEHKDYLRXU
7KH TXDOLWDWLYH UHVHDUFK WKXV FRPSOHPHQWY DQG GHHSHQV WKH -
LQJWR LGHQWLI\ LQHIILFLHQFLHVY DQG RSSRUWXQLWLHYV IRU LPSURYHP|
LQ GDWD GULYHQ DQDO\WLY DORQH 7KHIROORZLQJ VHFWLRQV GHVFULE
WKHPDWLF IRFXV RI WKH VHPL VWUXFWXUHG LQWHUYLHZV KLJKOLJKWL
FRPSUHKHQVLYH SLFWXUH RI ELF\FOH SDUNLQJ IDFLOLW\ RSHUDWLRQV

NGRNGBBEN8V-NV8°3 X N°8nad°o@
$V PHQWLRQHG WR EULGJH WKH JDS EHWZHHQ GDWD DQG SUDFWLFH W

VWUXFWXUHG LOWHUYLHZYV ZLWK SHUVRQQHO LQYROYHG LQ WKH GDLO\
ELF\FOH SDUNLQJ IDFLOLWLHYV

6HPL VWUXFWXUHG LQWHUYLHZV DUH D ZLGHO\ XVHG TXDOLWDWLYH UHYV
VWUXFWXUHG DQG XQVWUXFWXUHG HOHPR®W S D IDHOBOWR WW DXOFW XUHG L(
YLHZV VHPL VWUXFWXUHG LQWHUYLHZV DUHEHWWHU VXLWHG IRU WKLYV |
QDWXUH RIWKHWRSLFDQG WKHFRPSOH[LWA\RIRSHUDWLRQDO FKDOOHQJ
LWLHV KLOHVWUXFWXUHG LQWHUYLHZY UHO\RQD IL[HG VHW RI SUHGHI
URRP IRU GHYLDWLRQ VHPL VWUXFWXUHG LOWHUYLHZYVY SURYLGH WKH I
SDWHG WKHPHVY RUHODERUDWH RQ LQVLJKWIXO UHVSRQVHVY WKDW PD\ DI
7KH VHPL VWUXFWXUHG IRUPDW DOORZHG IRU D EDODQFH EHWZHHQ KDY
WKDW JXLGH WKH FRQYHUVDWLRQ ZKLOH DOVR SHUPLWWLQJ WKH LQWH
WHUHVW WKDW DULVH VSRQWDQHRXVO\ GXULQJ WKKLLQM/HIDULW F F XL.0000J 8
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YDOXDEOH ZKHQ H[DPLQLQJWKH RSHUDWLRQDO G\QDPLFV RIELF\FOH SDI
SHULHQFHV DQG LQVLJKWY FRXOG XQFRYHU GHHSHU LVVXHV DQG HQFRX
WKHLU SHUVSHFWLYHV LQ WKHLU RZQ ZRUGV ZKLFK SURYLGHV ULFKHU |
DQG RSHUDWLRQDO FKDOOHQJHV 7KH IOH[LELOLW\ RI WKH PHWKRG DOV
QHZLGHDV RU XQH[SHFWHG LQVLJKWY ZKLFKPLJKW RWKHUZLVHEHRYHU
YLHZ IRUPDWYV 'HVSLWH WKLV IOH[LELOLW\ WKH FRUH TXHVWLRQV SUR)
PDNLQJ LW HDVLHU WR FRPSDUH ILQGLQJV DFURVYV GLITHUHQW LQWHUYL
WUHQGYV

7KH VWUXFWXUH IRU WKH VHPL VWUXFWXUHG LOWHUYLHZV LQ WKLV UHV

F QWURGXFWLRQ D EULHI H[SODQDWLRQ RI WKH SXUSRVH RI WKH LQW
SDUWLFLSDQW FUHDWLQJ D FRPIRUWDEOH HQYLURQPHQW IRU RSHQ

+t &8RUH 4XHVWLRQV D VHW RI RSHQ HQGHG TXHVWLRQV DLPHG DW HI[S
VHDUFK WRSLFV

$+ )ROORZ XS 4XHVWLRQV WKHVH DULVH QDWXUDOO\ DV WKH SDUWLFL
7KHVH FDQ HLWKHU FODULI\UHVSRQVHV RU SUREH GHHSHU LQWR VSH
VLRQ

I 8RQFOXVLRQ D VXPPDU\DQG FORVLQJ ZLWK WKH RSSRUWXQLW\ IRU
DQ\DGGLWLRQDO WKRXJKWV RUFRQFHUQV

A 58-3°0°-Na

TKHLQWHUYLHZ WRSLFVZHUH FKRVHQ WR DGGUHVV WKHJDSV LQ WKH TXL
DQG WR H[SORUH WKH EHKDYLRXUDO DQG RSHUDWLRQDO GLPHQVLRQV

WHULQJ UHYHDOHG SDWWHUQV LQ IDFLOLW\ XVDJH LW FRXOG QRW IXOO\
DQG FRQWH[WXDO IDFWRUV WKDW LQIOXHQFH WKHVH SDWWHUQV 7KH L
LVHPSKDVLVHG LQ OLWHUDWXUH RQ WUDYHO EHKDYLRXU 7KHVH HOHPH
QXPHULFDO GDWD DORQH %\ FRQWH[WXDOL]LQJ WKH TXDQWLWDWLYH S|
YLHZV WKH VWXG\ OHYHUDJHV WKH VWUHQJWKY RI ERWK DSSURDFKHYV
LQVLIKWY ,Q WKLY UHVHDUFK WKH VHPL VWUXFWXUHG LQWHUYLHZV IRI
LQJ WKHPHYV

5ROH RI WKH LQWHUYLHZHH LQ ELF\FOH SDUNLQJ IDFLOLWLHV $V D
DQ XQGHUVWDQGLQJ RI WKH SDUWLFLSDQWfV UHVSRQVLELOLWLHYV L
PDQDJHPHQW RI ELF\FOH SDUNLQJ

J)DFLOLW\ XVDJH :KLOH WKH GDWD VKRZHG YDULDWLRQ LQ XVDJH LQ
GLG QRW H[SODLQ ZK\ FHUWDLQ SUDFWLFHY OHDG WR WKHVH RXWFR
WKH LPSDFW RI SK\VLFDO GHVLJQ HQIRUFHPHQW SUDFWLFHYVY RSHUL
DJH DQG W\ASHV RI ELF\FOHV LQ WKH IDFLOLWLHV ZKLFK DUH QRW V\
GDWDVHWYV

8VHUV 4XDQWLWDWLYHGDWD ODFNV LQIRUPDWLRQDERXW XVHULQW
7KLV WKHPH DLPV WR XQFRYHU XVHU VHIPHQWDWLRQ HJ FRPPXW
XVHUV EHKDYLRXU SDWWHUQV DQG TXDOLWDWLYH XVHU H[SHULHQ
VKRZQ LQ WKHOLWHUDWXUH WR LQIOXHQFH SDUNLQJGHPDQGDQG VD
ILQGLQJV DUH IXUWKHU FFKICSBRIUWDWHG LQ

)XWXUH RI ELF\FOH SDUNLQJ $V D FRQFOXVLRQ WR JDLQ QHZ LQVL
SHUVSHFWLYHY RQ WKH IXWXUH UROH RI ELF\FOH SDUNLQJ SRWHQWL
DGDSWDWLRQV WR PHHW FKDQJLQJ QHHGYV DUH LQYHVWLJDWHG LQ W

"e8N&-4845 N 3°U°-Na&

$ WRWDO RI  SDUWLFLSDQWY DUH LQWHUQDO VHOHFWHG IRU WKHLU SU
SHUVSHFWLYHV DFURVYV GLIITHUHQW H[HFXWLYH UROHV ZLWKLQ WKH IDF
7KLY VHOHFWLRQ LQFOXGHV WZR GLVWULFW PDQDJHUV WZR XQLW OHDG
UHSUHVHQWLQJ GLITHUHQW SHUVSHFWLYHVY RI RSHUDWLRQDO OD\HUV 7
LQVLIKW LQWR WKH GDLO\ RSHUDWLRQV DQG VWUDWHJILF PDQDJHPHQW I
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FRQWULEXWLRQV WR XQGHUVWDQGLQJ WKH GLVFUHSDQFLHYV DQG HIILFL]
LQJ

1 7ZR GLVWULFW PDQDJHUV UHVSRQVLEOH IRU FRRUGLQDWLQJDQG RY
RI PXOWLSOH ELF\FOH SDUNLQJ IDFLOLWLHY DQG RWKHU VWDWLRQ
WLRQV LQ FROODERUDWLRQ ZLWK PXQLFLSDOLWLHY DQG 3URS5DLO

f7ZR XQLW OHDGYVY PDQDJH WKH GD\ WR GD\ RSHUDWLRQ RI VSHFLILF
WKH VWDII WHDPV

) RXUIDFLOLW\HPSOR\HHYVY HQJDJHG LQ IURQWOLQHDFWLYLWLHV VXI
XSNHHS DQG XVHU LQWHUDFWLRQ

7KH QXPEHU RILQWHUYLHZV ZDV GHWHUPLQHG EDVHG RQ WKH SULQFLSO
SRLQW DW ZKLFK DGGLWLRQDO LOQWHUYLHZY QR ORQJHU SURYLGH VXEV\

NKDWRRQL 7KURXJKRXW WKHLQWHUYLHZV VLPLODU WKHPHY DQG RSH
NHSW FRPLQJ EDFNDQG WKXV SURYLGHG VXIILFLHQW SHUVSHFWLYH IRU

«°@VUN@ "8°@° N°*N&

*LYHQ WKH GXDO UHOHYDQFH RI WKH LQWHUYLHZ ILQGLQJV WR ERWK WK
UHVXOWYV IURP LQWHUYLHZY DUH LQWHJUDWHG WKURXJKRXW WKH UHSRI
WRSLFV RILQWHUHVW RIIHULQJ H[SODQDWLRQV RU SRVLQJ IXUWKHU TXI
LQ EOXH LWDOMKHIRWXOWY KHOS WR LOQWHUSUHW DQG HQULFK WKH OLW
RI WKH TXDQWLWDWLYH DQDO\VLV

7KHVH PHWKRGRORJLFDO VWHSY HQDEOH WKH VWXG\ WR SURJUHVV IURI
GHHSHU XQGHUVWDQGLQJ RI KRZ ELF\FOH SDUNLQJ IDFLOLWLHYV DUH XV
LQJ SDWWHUQV WKH ILQGLQJYV FDQ LQIRUP VWUDWHILHY WR LPSURYH R
EHWWHU PDWFK VXSSO\ ZLWK GHPDQG 7KH TXDQWLWDWLYH UHVXOWYV DU
LWDWLYH LQVLIKWY IURP LQWHUYLHZY WR SURYLGH D FRPSUHKHQVLYH
G\QDPLFV RI ELF\FOH SDUNLQJ 7KH IROORZLQJ FKDSWHUV EHJLQ E\ RXW
F\FOH SDUNERDSWHIROORZHG E\ DQ H[SORUDWLRQ RI WKH FRQFHSW RI X
LEFKDSWHBXEVHTXHQWO\ WKH GDWD SURFHVVLQJ VWHSV IRU WKH TXDC
GHWDLOHCDS@ HUKH UHVRODVSWHWHVHQWY WKH ILQGLQJV RI WKLV PHWI
LQFOXGLQJ ERWK TXDQWLWDWLYHDQG TXDOLWDWLYH UHVXOWY DQG FR
DQVZHULQJ WKH PDLQ UHVHDUFK TXHVWLRQ



~
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7KLY FKDSWHU SURYLGHV DQ H[SODQDWLRQ RI WKHFRQWH[W RI ELF\FOH ¢
SURYLGH D EDVHOLQH RI NQRZOHGJH DERXW VWDWLRQ ELF\FOH SDUNLQ.
WUDLQ FRPELQDWLRQ IROORZHG E\ DQ H[DPLQDWLRQ RI WKH ELF\FOH
XVHUV 6SHFLDO IRFXVLVJLYHQ WRILUVW PLOHF\FOLQJ WKH KRPH HQG
WKH JUHDWHVW LPSDFW RQ WKH XVDJH RI ELF\FOH SDUNLQJ IDFLOLWLHYV
VHFRQG ELF\FOHV WKRVH SDUNHG DW WKH DFWLYLW\ HQG RI WKH WULS
RI'VFRSH 7KH QH[W VWHS LQ WKH UHVHDUFK LY WR ORRN DW WKH XVDJH
7KLV FKDSWHUDOVR SUHVHQWY VRPH UHVXOWYVY RI WKHLQWHUYLHZV LQR
DQG UHODWH LW WR UHDOLW\ 7KLV FKDSWHU SURYLGHV WKH EDVLV IRU G
SDUNLQJ XVDJH HIILFLHQF\DQG GHYHORSLQJ D FRQFHSWXDO PRGHO WR
LFKDSWHU

7R ILQG UHOHYDQW OLWHUDWXUH WKH VHDUFK HQJLQHY *RRJOH 6FKRO|
NH\ZRUGV VXFK DV pF\FOH UDLO LQWHJUDWLRQY PELNHWUDLQ LQWHJUDYV
MELF\FOH SDUNLQJ DW VWDWLRQVY MELF\FOH SDUNLQJ IDFLOLWLHVY
SDUNLQJ PDQDJHPHQWY pF\FOLQJDFFHVV HIJUHVV PRGH WUDLQYTYDQG YD
DERYH NH\ZRUGV 7KH DEVWUDFWYV RI UHOHYDQW SDSHUV DUH UHYLHZH
VXLWDELOLW\ IRU LQFOXVLRQ LQ WKH DQDO\VLY 3DSHUV WKDW DUH FR
VWXG\DQG UHODWHG WRSLFV DUH VHOHFWHG IRU IXUWKHU UHYLHZ OHQ
RUJDQLVDWLRQ DQG PDQDIJHPHQW RI VRXUFHV 7KLV VRIWZDUH IDFLOLW
SDSHUV WKH DQQRWDWLRQ RI NH\ SRLQWYV DQG WKH UHWULHYDO RI UF
SURFHVV 7DERODXWOLQHYV WKH SULPDU\ IRFXV PHWKRGRORJ\ ILQGLQJV
WKH VRXUFHV UHYLHZHG

7DEOH 6XPPDU\RI UHYLHZHG VWXGLHVY RQ LQWHJUDWLRQ RI ELF\FOH DQG WUDLQ DQC
6RXUFH | JRFXV OHWKRG 5HOHYDQW ILQGLQJV | /LPLWDWLRQV UHF
RPPHQGDWLRQ
$UELVY HW/RPDWLRQ SUHIHYHIQPAHWLR@BHRSOH WHQG WR SDUNDWORMHRPREXVWUDOLD
LQ ELF\FOH SDORNW®PIDQDOWWBWLRQ HQWUDQFHVRQO\ FXOWXUDO GLIIHU

DQG LQIUDVWUXFWXUH HQFHV PD\DIIHRW JHQ
LPSOLFDWLRQV HUDOLVDELOLW)\
YXNXGD | %LF\FOH SDUN[QUVEWHWH | 7UDLQ XVHUV UHVSRQ®RVUM SDUNMVHDUFK
DQG KDYLRXU FKRLFH PRGHOYLQIUDVWUXFWXUHK DOE G BER U FRIQ EH
ORULFKLU PHQW SROLFLHV KDYLRXUDO DQG SROLF\

LPSOLFDWLRQV
*DYULLOLBHRXKHDOHG DQG| VMWMFWH®/ H BUHIHUHQFH IRU SDUN&QVH-OWXB\ OLPLWHG WR
HW DO SUHIHUHQFHYV L QF KSPLUAH PRWR H[LWV UHDO WLPHHOLWQDVBIWLRQ

LQJ FKRLFHV HOOLQJ KDV SRVLWLYH HIIHF
+HLQHQ| %LF\FOH SDUNLQUWHKWDWXUKBDUNLQJ DYDLODELOLVWRBBVHWHQNOQYH
DQG KDYLRXU RYHUYL¥IZHZ FRUUHODWHY ZLWK XYIRMHUYLHZ VWLQOQO ODFNLQJ
%XHKOHU PRUH HPSLULFDO GDWD

QHHGHG
+RVNDP| :LOOLQJQHVYV WRODDVWUG FKBUAPY ZLOOLQJ WR SPURRMUMRY LQIOXHQFLQJ
VWDWLRQ ELNH |SBLSMULQPHQWXDUDQWHHG IUHH VSDIDHFWRUV LGHQWLILHG
"RONHUHG@VHUV RI VWDW[ @ GD\N GPWBVWO\ XVHG E\ \RXQILFERIDQHO QRW IXOO\

HW DO LQJ IDFLOLWLHY DQDO\VVLYV | PXWHUV LQ XUEDQ VHWWHRUNVHQWDW[LYH RI DOO
XVHUV
&ROWLQOXHG RQ QH[W SDJH

PO
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&RQWLQXHG IURP SUHYLRXV SDJH

BRXUFH| JRFEXV OHWKRG SHOHYDOQW ILOGLQJV] /LPLWDWLRQV | UHF
RPPHQGDWLRQ

"RONHUHNG@GDUNLQJ EHKDY LRXUYDIW BHFRQG ELNH XVH LV VJUGOINHOPWRI XVH QRW

DQG .DJHDFWLYLW\ HQG DQG LPSDFWV FDSDFLUWRDSWXUHG

DJHU HWSRORJ\ RI VWBWDRQDO | @HIK TXDOLW\ DFFHYV)UDRNWRYN  QHHGV

DO DUHDV DQG DFFRWNDQDAO\VMWMLPXODWH F\FOLQJ WRRIUWMD WWRIGWLQJ LQ
PRGHV GLYHUVH VWDW[LRQ W\SHV

ODUWHQV,PSDFW RI ELFIE@HUDWXUHQUMVWPHQWY OHG W R2XWRZDWKHLE) IR
SDUNLQJ LQYH V/WPLHQW V XVH DQG VDWLVIDFWLREXVHG RQO\ RQ WKH

'XWFK FRQWH[W,|

YDQ OLO HMSRUWDQFH R| &BPRINFH PR&VHUV DFFHSW ORQJ6SHNPSEOHNHFRPSRNMLWLRQ

DO LQJLQ ELNH WUDHQ XV WLPHV WR DYRLG WUDQNOQBUNYQPHDVXUHG IDF
WRUV OLPLW JHQHUDOLYV
DELOLW\
OROLQ 7UDGH RIl EHWBWBWHG FKBYADY DUH ZLOOLQJ |[WRPEDAHGRWR 'HDIW VWD
DQG ODDWULFH DQG ZDGNESBULPHQWUR[LPLW\ WLRQ ODFNV [EURDGHU
GLVWDQFH YDOLGDWLRQ
3DL[ 3XHO,@WROXHQFH RI SD&KRIFH PRBHUFHLYHG VDIHW) DR® GRIRGLERQWHUSUHWDWLRQ
DQG *HXURQ PRGH FKRLFHHOOLQJ LW\ Rl SDUNLQJ LQIOXHQ FI$ DWIBIHQI ™ DV FRQ
VKLS FHSW
GKHODW| HWVW ODVW PLOBWMBGOW |FODMWWULSY E\ FRPELOQWOBWRGH RQ  XWFK
DO FHVV DQG VRFQRVWHU [DRQDBFRPPXWHUV ZLWK FSBQH@J BDWD [GHHSHU
GHPRJUDSKLF IDRWRUV DFFHVV PRGH EHKDYLRXUDO |LQVLJKW
QHHGHG
YDQ GH®%LF\FOH SDUNLQILWBIQDWXUKAPSIKDVLVHY LPSRUWDQUPRWRY FRQFUHWH PDQ
6SHN DQ®JHPHQW SUDFW IYEHYZ IRUFHPHQW DQG IDFLD DWHPXRQ@LWNUDWHJILHV

6FKHOWHPD

7RQ DQGFFHVV HIJUHVV| BREGMWHU DODROALQJ UROH RI FI\HOLMLQIRQFHY XUJHQF\
YDQ GHQUHQGV DW 'XWWKWWD VXU¥HHDVLQJ VSDWLDO SUEXWXUMFNV RSHUDWLRQDO
+HXYHO| WLRQV GDWD SDUNLQJ IRFXV

=XR HW|DO@®XLW\ LQ DFRAXNMW\ &\FOLQJ DFFHVV FDQ |WU& SEIHVWE&H UHVXOWYV
WR WUDQVLW |[YIRFX¥HG V$FDWFKPHQW DUHD RI| BD\FREH FRQWHI[W

FOLQJ ZDONLQJ WLDO DQDO\WRVHG WR ZDONLQJ D@GEHIYHQGHQW
FDVH VWXG\FDQWO\ LPSURYHV WUDQVSRUW HT
XLW\

oGP aE°dO8NA O a-u-0°e« 3A8e4

$V PHQWLRQHKO® EQYYHWKH LQWHJUDWLRQ RI ELF\FOH DQG WUDLQ KDV EHF
LPSRUWDQW LQ SURPRWLQJ VXVWDLQDEOH PRELOLW\ %\ FRPELQLQJ W
PRGHV LQGLYLGXDOV FDQ HQMR\ DQ HIILFLHQW DOWHUQDWLYH WR FDL
ZLGHU VRFLHWDO EHQHILWY LQFOXGLQJ UHGXFHG FRQJHVWLRQ DQG O
ODW HW DO =XR HW DO 7KH WZR PRGHVY FRPH WRJHWKHU DW UDLOZD\
DQG SDUNLQJ IDFLOLWLHY DOORZ D VHDPOHVYVY WUDQVLWLRQ EHWZHHQ

WKLV LQWHJUDWLRQ KDV EHHQ SDUWLFXODUO\ ZHOO GHYHORSHG DQG V!
VWURQJ F\FOLQJ FXOWXUH DQG KLJK UHOLDQFH RQ SXEOLF WUDQVSRUW
IHFWLYHQHVYV RI 'XWFK ELF\FOH WUDLQ LQWHJUDWLRQ LQ VXSSRUWLQJ \
ODUWHQV .DJHU HW DO +RZHYHU ZKLOH WKH EURDGHU FRQFHSW RI

LOWHIJUDWLRQ KDV UHFHLYHG FRQVLGHUDEOH DFDGHPLF DWWHQWLRQ

PDQDJHPHQW RI ELF\FOH SDUNLQJ IDFLOLWLHYV UHPDLQV XQGHU H[SORU

7R XQGHUVWDQG KRZ XVHUV LQWHUDFW ZLWK ELF\FOH SDUNLQJ IDFLOL
HVVHQWLDO WR H[SORUH ERWK WKHLU PRGH SUHIHUHQFHYV ZK\ DQG ZK#t
DV D PHDQV RI VWDWLRQ DFFHVV RU HIUHVV DQG WKHLU VWDWLRQ VHC
FKDUDFWHULVWLFV RI VWDWLRQV DQG VXUURXQGLQJ LQIUDVWUXFWXUH
SDUN DQG ERDUG 7TKHVH WZR EHKDYLRXUDO GLPHQVLRQV LQIRUP KRZ
DFURVV VSDFH DQG WLPH DQG ZKDW GHVLJQ RU SROLF\ PHDVXUHYV PD\ L|
XVDJH
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7KH VWXGLHV RQ PRGH FKRLFH SDUWLFXODUO\ IRFXVHV RQ WKH VHOHFW
WUDQVSRUWDWLRQ WR DQG IURP WKH VWDWLRQ 5HVHDUFK EQ7RQ DQG
WKH PHDQV RI DFFHVV DW WKH KRPH HQG RI D WULS WKH SURGXFWLRQ
WKH DFWLYLW\ HQG RI D WULS WKH DWWUDFWLRQ VWDWLRQ RI WUDLQ
LV LQFUHDVLQJO\ XVHG WR UHDFK SURGXFWLRQ VWDWLRQV DQG IRU VR
VWDWLRQV DV ZHOO 7KH VWXG\ FRQFOXGHV WKDW WKH VSDWLDO IRRW S
FKDOOHQJH $V WKH 1HWKHUODQGV LV GHQVHO\ SRSXODWHG DQG IDFHV
VSDFH LV EHFRPLQJ VFDUFH SXWWLQJ SUHVVXUH RQ WKH XVH RI VSDFH |
ELF\FOHYV

7R LOOXVWUDWIHXWKLWKRZV WKH

VKDUH RI WUDLQ SDVVHQJHUV XVLQJ D PRGDO
LWN\RIDFFHVV RUHJUHVV WR RUIURP D VWDWLRQ
FRPSDUHG WR WKH ODQG XVH RI WKHVH GLIIHU
HQW PRGHV DW VWDWLRQV LQ WKH 1IHWKHUODQGV
$V HDUOLHU GLVFKINYWEBWIQLYV ILJ

XUH FOHDUO\ GHPRQVWUDWHY WKH HIILFLHQF\ RI
F\FOLQJ FRPSDUHG WR GULYLQJ LQ WHUPV RI
VSDWLDO UHTXLUHPHQWY 6LQFH ELF\FOH SDUN
LQJ UHTXLUHV VLIQLILFDQWO\ OHVV VSDFH WKDQ
FDU SDUNLQJ F\FOLQJ LV D PRUH VXVWDLQDEOH
RSWLRQ LQ VSDFH FRQVWUDLQHG XUEDQ DUHDYV
+RZHYHU ZLWK OLPLWHG VSDFH DYDLODEOH IRU
VRPH GHQVH XUEDQ ORFDWLRQV ELF\FOH SDUN

LQJ PXVW DOVR EH PDQDJHG HIL'J')J:ULHHQSWDQJ\HWIR:HVVD G HIJUHVV PRGHV 7R D
PD[LPLVH LWV EHQHILWYV : YO GHO +HXYHO ©Pe

3DL[ 3XHOOR DQG *HXHRSKDVLVH WKH TXDOLWDWLYH DVSHFWV RI LQWH
SHUFHLYHG VDIHW\ SUR[LPLW\ DQG F\FOLQJ FRPIRUW 7KHLU ILQGLQJ\
SDUWLFXODUO\ VHQVLWLYH WR WKHVH IDFWRUV GXULQJ WKH HJUHVV MR
SDUNLQJ IDFLOLW\ FDQ VLIJQLILFDQWO\NLQIOXHQFH WKHLU PRGH FKRLFH

GXULQJ WKH DFFHVV MRXUQH\ 7KLV KLIKOLJKWYVY WKH LPSRUWDQFH RI S
ORFDWHG SDUNLQJ IDFLOLWLHV WR VXSSRUW VHDPOHVV PXOWLPRGDO

WKH IDFW WKDW LQYHVWPHQW LQ ELF\FOH SDUNLQJ LQIUDVWUXFWXUH K
RQ XVHU VDWLVIDFWLRQ DQG WUDYHO EHKDYLRXU BNSYRWHEBHRQWDUW F
WR UHJXODU DQG VHFXUH ELF\FOH SDUNLQJ DW VWDWLRQV KDYH OHG W
DQ DFFHVV PRGH KLJKHU VDWLVIDFWLRQ OHYHOV DQG D ULVH LQ WKH

7KLV HIIHFW LV SDUWLFXODUO\ HYLGHQW LQ KLJK GHQVLW\ DUHDV ZLW
DQG FRPPXWHUV 6XFK HQKDQFHPHQWY QRW RQO\ PHHW H[LVWLQJ GHPD
QHZ XVHUV WR DGRSW F\FOLQJ DV D PRGH RI WUDQVSRUW 7KLV FRUUHVS
+HLQHQ DQG % XHKOBQ® LQFUHDVHG DYDLODELOLW\RI SDUNLQJIDFLOLWL
PRUH ELF\FOH SDUNLQJ 7KLV UHIOHFWV WKH LPSRUWDQFH RI ELF\FOH S
VWDWLRQV WR VWHHU WR PRUH XVH Rl WKH ELF\FOH WUDLQ FRPELQDWLF

SNeN& Y &-°

%LF\FOHV DUH SUHGRPLQDQWO\ XVHG DV D PRGH RIWUDQVSRUWDWLRQ D
XVHUV IURP WKHLU KRPHV RUVWDUWLQJ ORFDWLRQV WR UDLOZD\VWDWL
IRULQWHIJUDWHG WUDYHO VROXWLRQV DUH LQIOXHQFHG E\ YDULRXV ILC
HW DO IRXQG WKURXJK D VWDWHG FKRLFH H[SHULPHQW WKDW LQGL"®
DFFHSW ORQJHU F\FOLQJ GLVWDQFHYV RU SDUNLQJ WLPHV LI LW HOLPLC
7KLY WUHQG KDV GULYHQ LQFUHDVHG GHPDQG DW PDMRU LQWHUFLW\ V'
WKH GHYHORSPHQW RI ODUJHU PRELOLW\ KXEV $GGLWLRQDOO\ DFFRUC(
IDFWRUV VXFK DV SDUNLQJ WLPH DQG FRVW VLIQLILFDQWO\LQIOXHQFH X
LPSRUWDQFH RI WDLORUHG SDUNLQJ VROXWLRQV
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$FFRUGLQJ WR - RQNHUHQ MWW IBEGKRLFH RI VWDWLRQV LV VWURQJO\ LPSI
TXDOLW\ RI WKH VWDWLRQ DQG LWV IDFLOLWLHV +LJKHU WLHU VWDWL
LPLW\ WR PDMRU GHVWLQDWLRQV DQG WKH VXSHULRU VHUYLFHV WKH\ F
FRQQHFWLRQV DQG EHWWHU IDFLOLWLHYVY 7KHVH ILQGLQJV VXSSRUW W
LQJ WR F\FOH ORQJHU GLVWDQFHY WR DYRLG WUDQVIHUVY DQG HQMR\ WK
ZHOO HTXLSSHG VWDWLRQV )XUWKHUPRUH WKH VWXG\ VKRZHG WKDW
FKRRVH VWDWLRQV ZKHUH KLJK TXDOLW\ SDUNLQJ IDFLOLWLHY DUH DYD
LQWHJUDWLRQ RI FAFOLQJ DQG WUDLQ WUDYHO

3V «8u X N°O8+Na d-u-0°e 3A8e3
t+ 7KH FRPELQDWLRQ RI ELF\FOH DQG WUDLQ LV FUXFLDO IRU VXVWDLQI
HIILFLHQW DOWHUQDWLYH WR WKH FDU ZKLOH ELF\FOH XVH LV LQFU|
LV OLPLWHG (IILFLHQW XVH RI VSDFH DQG PDQDJHPHQW PHDVXUHV I
WKH SURPRWLRQ RI SXEOLF WUDQVSRUW XVH IXUWKHU HPSKDVL]LQJ

+ 3HRSOH ZLOO DFFHSW ORQJHU F\FOH DQG SDUNLQJ WLPHV LI WKH\ KD
LQJRIKRZ SDUNLQJFKRLFHVDUHLQIOXHQFHGE\FRQYHQLHQFHDQG \
DIIHFW WKH ELF\FOH SDUNLQJ IDFLOLWLHV B6LQFH XVHU FKRLFHV GL
RI ELF\FOH SDUNLQJ IDFLOLWLHV WKH QH[W VHFWLRQ GHOYHV LQWR
IOXHQFLQJ F\FOLVWVY SDUNLQJ GHFLVLRQV

OGR@°8 @
7R IJHW D EHWWHU XQGHUVWDQGLQJ RI XVDJH RI WKH ELF\FOH SDUNLQJ ID
OLWHUDWXUHLVGRQHWRLGHQWLI\WKH XVHUVDQG WKHDVSHFWV WKDW

XVDJH RI WKH IDFLOLW\ 7KHVH DVSHFWV KHOSHG WR GHWHUPLQH ZKDYV
FKHEN LQIOXHQFLQJ WKH XVDJH RI ELF\FOH SDUNLQJ IDFLOLWLHYV

OGNEBPEGE-N°8a@Na-@
7KH GHPRJUDSKLF SURILOH RI IDFLOLW\ XVHUV SURYLGHYV LQVLJKWYV LQ
-RQNHUHQ HW D@WQDO\WHG WKH SHUVRQDO SURILOHVY DQG WUDYHO FKRL

XVHUV LQ WKH 1HWKHUODQGYV EDVHG RQ D VXUYH\ RI WUDLQ XVH
7KH VWXG\ FODVVLILHG XVHUV DV WELF\FOH WUDLQ WUDYHOOHUVY LI DW
WKLV FRPELQDWLRQ ZLWK IUHTXHQW XVHUV H[FHHGLQJ JLQGLQJV VK

XVHUVY DUH JHQHUDOO\\RXQJHU DQG PRUH RIWHQ VDODULHG HPSOR\HHYV
GRPLQDQWO\ LQIUHTXHQW RU QRQ XVHUV 'LITHUHQFHYVY DPRQJ HQWUH:®
RWKHU JURXSY ZHUH PLQLPDO WKRXJK WKH VWXGHQW VDPSOH VL]H ZDV
FRQFOXVLRQV %LF\FOH WUDLQ XVHUV SULPDULO\ FRPPXWHG IRU ZRUN
WULSV ZHUH PRUH FRPPRQ DPRQJ LQIUHTXHQW RU QRQ XVHUV 7KH VV
ELF\FOH WUDLQ XVHUV WHQG WR EH KLIJIKO\ HGXFDWHG ZLWK XQLYHUVL
UHVHQWHG DPRQJ IUHTXHQW XVHUV /RZHU HGXFDWLRQ OHYHOV ZHUH O
VXJIHVWLQJ WKDW HGXFDWLRQ OHYHO PD\ SOD\ D UROH LQ WUDYHO EH
ZRUN ORFDWLRQV RU FRPPXWLQJ SUHIHUHQFHYV

&RPSOHPHQWLQJ WKHVH ILQGLQJV 6KWOGW ROXVWHU DQDO\VLV DSSUR
VHIPHQW 'XWFK WUDLQ WUDYHOOHUY EDVHG RQ WKHLU WUDYHO SDWWH
7KLY VWXG\ DOVR UHYHDOHG WKDW \RXQJHU XUEDQ WUDYHOOHUV ZHUH
SDUWLFXODUO\ LQ DUHDV ZLWK KLJK TXDOLW\ F\FOLQJ LQIUDVWUXFW X
DFFHVV PRGH FKRLFH LV VKDSHG QRW RQO\ E\ LQGLYLGXDO GHPRJUDSK
DQG LQIUDVWUXFWXUDO FRQWH[W 7RJHWKHU WKHVH ILQGLQJV HPSKD
SODQQRLQJ VWUDWHILHY WKDW FRQVLGHU WKH GLYHUVH QHHGV RI GLIIHL

7TKDW XVHUV RI WKH IDFLOLWLHY DUH LQGHHG PDLQO\ FRPPXWHUV LV DO
ZHHV$SSHQGL[KMPSKDVL]LQJ WKDW FRPPXWHUV LQGHHG IRUP WKH ODUJH
WKH ELF\FOH SDUNLQJ IDFLOLWLHYV 7KLV DOLIJIQPHQW EHWZHHQ UHVHDU



OGNG E@°8@ PO

XQGHUVFRUHV WKH FULWLFDO UROH RI ELF\FOH IDFLOLWLHY LQ DFFRPPF
WKXV KHOS WR VWUHDPOLQH WKH WUDQVLWLRQ EHWZHHQ ELF\FOH DQC
FRPPXWLQJ SDWWHUQV DPRQJ IUHTXHQW XVHUV

OGNGS8#g&A O °Yena V8

,Q RUGHU WR LPSURYH WKH HIILFLHQF\ Rl ELF\FOH SDUNLQJ IDFLOLWLF
HVVHQWLDO WR XQGHUVWDQG WKH IDFWRUV WKDW LQIOXHQFH WKH EHKI
DVWKHVH FKRLFHVY FROOHFWLYHO\GHWHUPLQH WKHRYHUDOO XWLOLVDYV
SV\FKRORJLFDO VRFLDO DQG HQYLURQPHQWDO IDFWRUV KDYH EHHQ WK
SURYLGLQJ LQVLIJKWY LQWR WKH SUHIHUHQFHYV DQG GHFLVLRQ PDNLQJ ¢
WRSLFVFDQ DOVR SURYLGH LQVLJKWV LQ KRZWR VWHHU WR PRUHHIILFLH
RI XVHUV 7KH PRVW UHVHDUFKHG DQG UHOHYDQW WRSLFV LQ WKLV GRP
ORFDWLRQ SULFLQJ HQIRUFHPHQW DQG H[SHULHQFH

“e8ga On -+Na

&\FOLVW WHQG WR SUHIHU WR SDUN DW FRQYHQLHQW ORFDWLRQV 7KLV
HQFH LV KLJKOLJKWHG E\ SUELXKRWHOOHJUHVVLRQ DQDO\VLY RI UHYHDO
HQFH LQ $XVWUDOLD VKRZHG WKDW SHUFHQW RI ELF\FOHV SDUNHG RXW
PHWUHV RI WKH QHDUHVW VWDWLRQ HQWUDQFH 7KLV WHQGHQF\UHIOHF
LPLVH ZDONLQJ GLVWDQFHVY WR WKHLU GHVWLQDWLRQ ZKLOH EHQHILWLC
SURYLGHG E\ SHGHVWULDQ WUDIILF ZKLFK FDQ GHWHU WKHIW DQG YDQ
WKH WKH VWXG\ E\ODUWAHCQVK FRQFOXGHG WKDW WKH ZDONLQJ URXWH IU
SDUNLQJ IDFLOLW\ WR WKH SXEOLF WUDQVSRUW VWRS LQIOXHQFHY WKH
Rl WKHVH WZR VWXGLHVY XQGHUVFRUH WKH VLIJQLILFDQFH RI HIITHFWLYH I
RSWLPLVLQJ XVDJH RI WKH IDFLOLWLHYV

7TKLVILQGLQJLVFRQVLVWHQW ZLWK WKHUHVXOWY RI WKHUHYHDOHG SUI
*DYULLOLGRX HW®XWLQJ D GLVFUHWH FKRLFH PRGHO ZKLFK GHPRQVWUD
SUHIHU WR SDUN LQ FORVH SUR[LPLW\ WR WKH H[LWV RI SDUNLQJ IDFL(
ZDONLQJ WLPH ORUHRYHU XVHUV WHQG WR SULRULWLVH FRQYHQLHQF
OLNHO\ WR ZDON XS WR PHWUHY WR ILQG D VSRW LQ WKH ORZHU UDFNV
WR ZDON XS WR PHWUHV 7KLV VXJJHVWY WKDW VRPH XVHUV PD\ FRQVL
EHIXOO ZKHQ WKH ORZHU UDFNV DUH ILOOHG 7KH SURYLVLRQ RIUHDO W
DOVR EHHQ VKRZQ WR KDYH D SRVLWLYH LPSDFW RQ WKH XVHU H[SHULHC
DQG LQFUHDVLQJ WKH XWLOLW\ RI SDUNLQJ IDFLOLWLHYV

&RPSOHPHQWDU\ )XNXGD DQG OIKUMFKHU H[SDQG RQ WKH G\QDPLFV RI S|
GHFLVLRQV WKURXJK D GLVFUHWH FKRLFH PRGHO 7KHLU UHVHDUFK Vk
ORZHU ULVN DYHUVLRQ DUH PRUH LQFOLQHG WR SDUN ELF\FOHV RQ WKH
KLIKHU SXEOLF PRUDOLW\WHQG WRDYRLGRQ VWUHHW SDUNLQJ )XUWKI
XVHUVY DUH PRUH OLNHO\ WR XVH RIl VWUHHW SDUNLQJ SRVVLEO\ WR DY
VXFK DV ILQHV RU ELF\FOH UHPRYDO E\ DXWKRULWLHYVY 7KH VWXG\ DOVR
URXWLQH SROLFH SDWUROV ZKLFK VLIQLILFDQWO\ LQFUHDVH WKH XVH
DQG % XHKOHUDOVR IRXQG WKDW SULFLQJ RIIDFLOLWLHYV UHGXFHV WKH ¢
SDUN WKHLU 0DQ\ SHRSOH ORFN WKHLU ELF\FOHV WR XUEDQ VWUHHW I
IRU SDUNLQJ ZKLFK PD\LQGLFDWH D VXSSO\DQG GHPDQG LPEDODQFH

7KH LQVLJKWVY IURP WKH LQWHUYLHZV DOLJQ ZLWK ILQGLQJV IURP WKH C
F\FOLVW SUHIHUHQFH IRU FRQYHQLHQW SDUNLQJ ORFDWLRQV 7KH LQWF
IRUXVHUV WR SDUN WKHLU ELF\FOHV VKRUWO\ DIWHU HQWHULQJ WKH ID
PLQLPLVH ZDONLQJ GLVWDQFHV 7KLV WKHPH XQGHUVFRUHV WKH LPSRU\
UHDO WLPH LQIRUPDWLRQ LQ HQKDQFLQJ XVHU VDWLVIDFWLRQ DQG RSW

“8&-4 O
3ULFLQJ Rl SDUNLQJ IDFLOLWLHYV KDV DOVR EHHQ UHVHDUFKHG DQG LV

IOXHQFHVY WKH SHUFHSWLRQ WRZDUGY SDUNLQJ IDFLOLWLHYV RI XVHUV
KLIKOLJKWY DWUDGH RITEHWZHHQ SULFHDQG ZDONLQJ GLVWDOQFH



OGNG E@°8@ P x

ZLOOLQJ WR SD\IRU PRUH FRQYHQLHQW SDUNLQJ RSWLRQV FORVHU WR \
VXJIHVWYV WKDW ZKHQ D SULFLQJ SROLF\ LV LQWURGXFHG ZKHUH SDUNL(
PDMRULW\ RI F\AFOLVWY ZRXOG FRQWLQXH WR SDUN DW WKH VWDWLRQ 2
RWKHU RSWLRQV PRVW ZRXOG ZDON WR WKHLU GHVWLQDWLRQ ZLWK RQ
WR GULYH 7KHVH ILQGLQJYV VXJIJHVW WKDW SULFLQJ FRXOG EH DQ HIIHF
FRQIJHVWHG VWDWLRQ SDUNLQJ )XUWKHU UHVHDDBEWKWXKHK DQ GILRADNDHPG
DWWULEXWHY FDOFXODWHG WKH ZLOOLQJQHVV WR SD\ IRU SDUNLQJ ID
ORJLW PRGHO ,W VKRZHG WKDW SHRSOH JHQHUDOO\ SUHIHU JXDUGHG I
SDUNLQJ WLPH KDV D SRVLWLYH HITHFW RQ WKH XWLOLW\ DV ZHOO DV V
DQG D UHSDLU VKRS 3ULFLQJDQG ZDONLQJ WLPH KDYH QHJDWLYH XWLC
ODUWHQV DQG *DYULLOLGRXHWBKMWUHVHDUFK RI +RVNTRRQ
FOXGHVY WKDW DQ LQFUHDVH LQ FRVW GRHVY QRW OHDG WR D SURSRUWLRC
WKH LQLWLDO SULFH LQFUHDVH KDV D PXFK ODUJHU LPSDFW RQ XVHU E
LQFUHDVHYV

0 O 8-°°N
$V EULHIO\ PHQWLRQHG DW SDUNLQJ ORFDWLRQ F\FOLVW EHKDYLRXU D
DFWLRQV LQ WKHDUHD :KLOH SULFLQJ VWUDWHJILHY FDQ SURYRNH FHUYV
PDQDJHPHQW RI SDUNLQJ IDFLOLWLHY DOVR UHTXLUHY FOHDU HQIRUFHF
FRPSOLDQFH ZLWK GHVLIJQDWHG SDUNLQJ UXOHV QRW RQO\ PDLQWDLOQ\
WKH XWLOLW\ RI DYDLODEOH LQIUDVWUXFWXUH 7KLV LV HPSKDVLVHG E\
ZKR VWDWHG WKDW ZKHQ ELF\FOH SDUNLQJ LV ZHOO PDQDJHG WHK
LPSURSHUO\ SDUNHG ELF\FOHV LV VLIJQLILFDQWO\UHGXFHG ,Q SDUWLFX
ELF\FOHVDUHVHHQDVDQRIIHQFH F\FOLVWV DUH PRUHOLNHO\WR XVH W
KLIKOLIKWYVY WKH LPSRUWDQFH RI HQIRUFHPHQW ZKLFK LV FRQVLVWHQW
DQG ORULFKL ZKLFK VKRZ WKDW HQIRUFHPHQW PHDVXUHYV VXFK DV UR.
DGGUHVYVY LPSURSHUO\ SDUNHG ELF\FOHV DUH HIIHFWLYH LQ HQFRXUDJ
SDUNLQJ IDFLOLWLHYVY 7KHVH PHDVXUHVY KHOS DOOHYLDWH FRQJHVWLRC(
PRUH RUJDQLVHG DQG HIILFLHQW XVH RI VSDFH

, OQWHUYLHZV DIILUPHG WKH REVHUYDWLRQV IURP WKH OLWHUDWXUH UH.
LQIOXHQFLQJ F\FOLVWVY SDUNLQJ EHKDYLRXU $V QRWHG ZKHQ DUHDV
RYHUFURZGHG ZLWK ELNHVY WKH IDFLOLW\fV RFFXSDQF\ WHQGVY WR EH
LQDGHTXDWH HQIRUFHPHQW DOORZV F\FOLVWV WR E\SDVV GHVLJQDWHG
ZLWK WKH ILQGLQJ RI WKH SUHIHUHQFH RI FRQYHQLHQFH RI SDUNLQJ OR!

0t5°984° -°
7KH HITHFWLYHQHVV RI VWDWLRQ ELF\FOH SDUNLQJ LV QRW RQO\ GHWHUT
DOVR E\KRZ LW PDWFKHV XVHUV{ H[SHFWDWLRQV DQGRRSOB X EMWQBHM +R\
KHU WKHVLV D IDFWRU DQDO\VLVY WR LGHQWLI\ WKH NH\ HOHPHQWYV WKDW
RUSHUFHSWLRQ RIELF\FOH SDUNLQJ 7KH VWXG\IRXQG WKDW IDFWRUV V
SUHVHQFH DQG DWWLWXGH VHQVH RI VHFXULW\ FODULW\ HIIRUW UHT
RI LQIRUPDWLRQ DSSHDUDQFH PDLQWHQDQFH DQG FOHDQOLQHVV DF
HDVHRIXVH DQG ELNH VHFXULW\ FRQFHUQV DERXW WKHIW RU GDPDJH W
RI WKH RYHUDOO XVHU H[SHULHQFH 8QGHUOLQLQJWKHLPSRUWDQFH
DFFRXQW ZKHQ GHVLJQ SROLFLHV IRU ELF\FOH SDUNLQJ IDFLOLWLHYV

JXUWKHU LQVLJKWY DUH SURYLGHG E\KRNBQHKYHNOGE H[SORUHVY WKH UROH
GLVVDWLVILHUVY HJ DFFHVV WLPH DQG SDUNLQJ FRVW DQG VDWLVILHU
SHUFHLYHG VDIHW\ LQ F\FOLVWVYT VWDWLRQ FKRLFH $ VWDWHG FKRLF
GLVVDWLVILHUVY WHQG WR KDYH D VWURQJHU RYHUDOO LQIOXHQFH RQ
QLILFDQWO\ VKDSH SUHIHUHQFHY EXW KDYH OHVV LPSDFW 7KH UHVHD!
ELF\FOH SDUNLQJ HQYLURQPHQWYVY WR XVHU FKDUDFWHULVWLFV SDUWL
ILHUV FDQ HQKDQFH WKH XVHU H[SHULHQFH

,QWHUYLHZV UHDIILUPHG WKH LPSRUWDQFH RIFODULW\DQG VWDII SUHV
ULHQFH &RQFHUQV DERXW WKHIW HVSHFLDOO\LQ VHOI VHUYLFH IDFLOI
KRZ SHUFHLYHG VHFXULW\LQIOXHQFHV XVHUVY VDWLVIDFWLRQ DQG FKR



OGOG l*-aiaNa°@ bo

3V «8UE@°8@

7KH GHPRJUDSKLF SURILOHV Rl ELF\FOH WUDLQ XVHUV DUH RIWHQ \RXQ
PXWHUV ZKR IDYRXU XUEDQ DUHDV DQG ODUJH VWDWLRQV &\FOLVWYV SU
VLEOH SDUNLQJ ZLWK SULFLQJ DQG HQIRUFHPHQW VKDSLQJ WKHLU FKR
SDWWHUQV FDQ KHOS HYDOXDWH ZKHWKHU IDFLOLWLHY SDUWLEXODUO
PHHWLQJ GHPDQG DQG HQFRXUDJLQJ DSSURSULDWH XVH DQG XOWLPDW
LQ WKHLU PDQDJHPHQW DQG GHVLJQ

+ 3DUNLQJ ORFDWLRQ 7KH ZDONLQJ GLVWDQFH IURP WKH IDFLOLW\ WR
XVDJH &\FOLVW SUHIHU WR SDUN SUR[LPDWH WR H[LWV DQG ZRPHQ |
IXUWKHU WR ILQG D JURXQG OHYHO VSRW WKDQ PHQ 5HDO WLPH S
WKH OD\RXW Rl WKH SDUNLQJ IDFLOLWLHY DUH NH\ WR LPSURYLQJ XV
GHVLIJQLQJ HIILFLHQW IDFLOLWLHVY WKDW PHHW XVHU H[SHFWDWLRQ\
WR WKH VWDWLRQ

$+ 3ULFLQJ &\FOLVWV DUH ZLOOLQJ WR SD\ IRU FRQYHQLHQW SDUNLQJ
WLRQ HQWUDQFH +RZHYHU SULFLQJ SROLFLHV VKRXOG EDODQFH FI
GHUVWDQGLQJ F\FOLVWVY ZLOOLQJQHVV WR SD\ DQG WKH HIIHFWV R
LV FULWLFDO IRU PDQDJLQJ GHPDQG LQ FURZGHG DUHDV DQG RSWLPI
FDWLRQ

+ (QIRUFHPHQW (IIHFWLYH HQIRUFHPHQW VXFK DV UHJXODU SDWURO\
XVH GHVLJQDWHG SDUNLQJ VSDFHV UHGXFLQJ FRQJHVWLRQ IURP LF
7KLV LV HYVHQWLDO IRU PDLQWDLQLQJ RUGHU DQG PD[LPL]LQJ WKH
LQIUDVWUXFWXUH

¥ ([SHULHQFH )DFWRUV OLNH VHFXULW\ VHUYLFH TXDOLW\ DQG FOHE
RYHUDOO H[SHULHQFH ZLWK SDUNLQJ IDFLOLWLHV ,PSURYLQJ WKHV
XVHU VDWLVIDFWLRQ DQG JUHDWHU XWLOLVDWLRQ RI SDUNLQJ VSDF

OGIRGauaNa°c°@

7KH LQWHUVHFWLRQ RI XVHU EHKDYLRXU DQG LQIUDVWUXFWXUH FDSDFL
QDPLFV ZLWKLQ ELF\FOH SDUNLQJ IDFLOLWLHY 8QGHUVWDQGLQJ KRZ \
VXSSO\ DQG GHPDQG IRU ELF\FOH SDUNLQJ LV FUXFLDO IRU RSWLPLVLQ.
RQLQVLIJKWY LQWR XVHU FRPPXWLQJSDWWHUQV DQG SUHIHUHQFHV WKL

WXUDO DQG RSHUDWLRQDO FKDUDFWHULVWLFV RI ELF\FOH SDUNLQJ IDF
IHWKHUODQGYV

OGOGTPB°Na U @5°-N@

,Q WKH 1THWKHUODQGYVY D QXPEHU RI RUJDQLVDWLRQV DUH LQYROYHG L
SDUNLQJ IDFLOLWLHVY DW UDLOZD\ VWDWLRQV 7KH PDLQ VWDNHKROGHU
QLFLSDOLWLHV DQG WKH OLQLVWU\ RI ,QIUDVWUXFWXUH DQG :DWHU 0DC
DUH PDSSHG LQ WHUPV RI KRZ WKH\ LQIOXHQFH WKH RSHUDWLRQDO G\Q
ILJIXUH ,W LOOXVWUDWHY WKH SDUWLHV LQYROYHG LQ WKH GHYHORSPH
SDUN DQG KRZ WKH\ ZRUN WRJHWKHU $V VKRZQ LQ WKH GLDJUDP 16 6V
EOH IRUWKH RSHUDWLRQ RI WKH IDFLOLWLHY 7KH\ RYHUVHH WKH RSHU
IDFLOLWLHYV IRUPXODWH SROLF\DQG HPSOR\ VWDIlI 7KH PXQLFLSDOLW\
WKHUHPRYDO RI RUSKDQHG ELNHV ELNHV SDUNHG IRU GD\V RU PRUH Z
ILQDQFHV WKHLU FRQVWUXFWLRQ WRJHWKHU ZLWK 3UR5DLO ,W LV SULP
HQVXUH WKDW WKH IDFLOLWLHY KDYH VXIILFLHQW FDSDFLW\ DQG LW WK
UHFHLYHV ILQDQFLDO VXSSRUW IURP WKH OLQLVWU\ Rl ,QIUDVWUXFWXU
IXQG WKH FRQVWUXFWLRQ DQG PDLOQWHQDQFH RI WKH IDFLOLWLHV
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