
D
el

ft
U

ni
ve

rs
it

y
of

Te
ch

no
lo

gy

Dyadic Physical Activity
Planning with a Virtual
Coach: Using
Reinforcement Learning
to Select Persuasive
Strategies
IN5000: Final Project
Andrei-Alexandru Ștefan



Dyadic Physical
Activity Planning

with a Virtual Coach:
Using Reinforcement

Learning to Select
Persuasive Strategies

by

Andrei-Alexandru Ștefan

Institution: Delft University of Technology
Place: Faculty of Electrical Engineering, Mathematics and Computer Science
Project Duration: 14 November 2022 - 23 November 2023

Thesis committee: Dr. ir. Willem-Paul Brinkman - Supervisor
Ir. Nele Albers - Daily supervisor
Dr. ir. Ujwal Gadiraju - Committee member

Style: TU Delft Report Style, with modifications by Daan Zwaneveld



Contents

Acknowledgements iii

Abstract iv

1 Introduction 1
1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Research question . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Foundation 4
2.1 Goal setting theory and planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2 Factors that influence planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.3 How to set goals and create plans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.4 Virtual coaches for adaptive persuasion in behaviour change . . . . . . . . . . . . . . . 6
2.5 Factors, values, and concerns for generating plans . . . . . . . . . . . . . . . . . . . . . 7

3 Design 8
3.1 Phase 1 and details about the virtual coach . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.2 Plan commitment (Phase 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.2.1 Reinforcement learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.2.2 States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.2.3 Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.2.4 Additional rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.2.5 End of the dialogue and reward function . . . . . . . . . . . . . . . . . . . . . . . 13

3.3 Plan creation (Phase 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4 Analysis 18
4.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.1.1 Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.1.2 Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
4.1.3 Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.1.4 Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.1.5 Data pre-processing and analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.2.1 Q1. Which aspects of the personôs situation are relevant to consider for the final

model? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.2.2 Q2. How well can states at the end of the dialogue predict their corresponding

rewards? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
4.2.3 Q3. How well can states based on the personôs situation predict states after a

persuasive strategy used by the conversational agent? . . . . . . . . . . . . . . 27
4.2.4 Q4. What is the optimal model for persuading people to follow plans for walking? 27
4.2.5 Q5. What is the effect of (multiple) optimal persuasive strategies on persuadeesô

states? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.2.6 Q6. How do different policies perform, compared to the optimal policy? . . . . . 29
4.2.7 Exploratory analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.3 Discussion of the results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.3.1 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

5 Conclusion and Discussion 36
5.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

5.1.1 What are factors, values, and concerns that need to be considered in a dialogue
that facilitates goal setting and dyadic planning with a user? . . . . . . . . . . . . 36

i



Contents ii

5.1.2 How can a dialogue for dyadic planning with a virtual coach be designed? . . . . 36
5.1.3 How well can reinforcement learning select persuasive strategies to be used as

part of a dyadic planning dialogue to make people satisfied with the dialogue,
committed to the plan for taking walks, and confident in reaching their goal? . . . 37

5.2 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5.3 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5.4 Future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5.5 Closing remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

References 40

A Scenarios used in the expert discussions 46

B Implementation of the persuasive strategies 51
B.1 Proposing to make changes to the plan . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
B.2 Explain why planning is useful . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
B.3 Identify barriers and Deal with barriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
B.4 Show testimonials from other people who followed plans for physical activity . . . . . . 53

C Distribution of the data 55

D Detailed description of the process of selecting features and values using theG-algorithm
56

E Optimal policy 57

F Worst policy 60

G Policy when ignoring the personôs situation 63

H Detailed description of the investigation into the effect of the persuasive strategies 65

I Detailed description of the thematic analysis 68



Acknowledgements
This work is part of the multidisciplinary research project Perfect Fit, which is supported by several fun-
ders organized by the Netherlands Organization for Scientific Research (NWO), program Commit2Data
- Big Data & Health (project number 628.011.211). Besides NWO, the funders include the Netherlands
Organisation for Health Research and Development (ZonMw), Hartstichting, the Ministry of Health,
Welfare, and Sport (VWS), Health Holland, and the Netherlands eScience Center.

I would like to first thank my supervisors, Nele Albers and Willem-Paul Brinkman, for their guid-
ance and support throughout the entire thesis. From the through feedback to the insightful discussions
during the meetings, I thank you for the time and effort you have spent to bring me to this point. I
wish you all the best in your future endeavours.

I would also like to thank both Ayrton and Martin for their company on campus. It felt like much
less of a hassle to get things done when I knew that you were also working hard on your theses. And,
of course, having someone to ask for help was invaluable. I wish Ayrton the best of luck with wrapping
up his thesis and thank Martin once more for his review of my code.

I also want to thank my best friend whom I’ve known since high school and the friends I have met
through TU Delft for the great times. I thoroughly enjoyed visiting different places in the Netherlands
with you or just hanging out online and playing video games, and having something to distract me from
the stress that comes with a Masters thesis is something I truly appreciated.

Finally, I would like to thank my family who supported me since I moved to the Netherlands five
years ago. Be it your visits to Delft or just the video calls to chat about random things, I cherished
your care and love. Thank you for giving me the opportunity to study in a different country and see
more of the world.

Andrei-Alexandru Ștefan
Delft, November 2023

iii



Abstract

Physical activity is one of the main factors that contribute to reducing the chance of chronic diseases
such as cardiovascular disease, obesity, and depression, all while improving an individualôs health in
general. While this is the case, the fact still remains that many adults across the world do not reach
the minimum recommendations for physical activity. Setting physical activity goals is one of the most
common approaches found in both self-help fitness apps, or medical interventions for increasing phys-
ical activity. The issue is that goal setting on its own cannot help people become more physically
active, since, if they are not committed to reaching a goal, a person will just abandon it instead. Re-
cent literature shows that creating plans for when to perform physical activity has the potential to help
people commit to reaching their goal. Being committed to following the plan is therefore important for
ultimately reaching the goal, but only creating the plan is not enough, since people might abandon it.
Furthermore, dyadic planning, in which a helper aids the person in creating the plan, has produced
even better results than individual planning. Thus, the aim of this work is to develop a virtual coach,
which plays the role of the helper in dyadic planning and motivates people to commit themselves to fol-
lowing the plan, so that they can reach their physical activity goals. To facilitate this process, the virtual
coach, named Jamie, operates based on reinforcement learning, giving it the ability to select the best
persuasive strategy to use. It does so by taking into account the personôs situation (opinions of the plan
and of planning in general), as well as how these opinions might change based on what persuasive
strategy the agent chooses to employ. The persuasive strategies considered were: proposing to make
changes to the plan, explaining why planning is useful, identifying and dealing with barriers, and show-
ing testimonials from other people who created plans and used them to reach their goals. Through an
observational study, data for the reinforcement learning model was gathered, and a model was trained
on the data. Analysing the data revealed that the choice of persuasive strategy is not crucial, as all
of them had similar effects on the personôs situation, and these effects were small to moderate. At
the same time, we saw moderate differences when comparing the situation at the beginning and end
of the conversation, indicating that the combined effect of multiple persuasive strategies is needed to
change a personôs situation. We also investigated the effect of including or excluding the personôs
situation from the model. If the personôs situation is disregarded, the resulting model is equivalent to
following a fixed order of persuasive strategies and, through simulations, we have shown that it can
change about 74% of peopleôs situations into one where they are likely to commit to the plan. When
the personôs situation is included, the percentage rises to 82%, suggesting that the personôs situation
is also important to consider. Both of these models have advantages and disadvantages, which are
discussed and addressed. Thus, this thesis provides two models for a virtual coach that can hold a
persuasive dialogue in the context of dyadic planning for physical activity, which can be used as the
basis for systems which target behaviour change.

iv



1
Introduction

Physical activity is one of the main factors that contribute to reducing the chance of chronic diseases
such as cardiovascular disease, obesity, and depression, all while improving an individualôs health in
general [104]. Despite the recommendations given by the World Health Organization (WHO) to reduce
sedentary behaviour, since òsome physical activity is better than noneò [20], recent studies show that,
during the COVID-19 pandemic, physical activity decreased and sedentary behaviour increased [95].
According to Mattioli et al. [69], unhealthy changes in diet (such as increased alcohol consumption,
or eating too much sugar) are a common way to cope with the increased levels of stress and anxiety.
Considering the decrease in physical activity, the authors claim that the risk of cardiovascular disease
is likely to have increased during the pandemic, especially for people who were already suffering from
obesity since before the pandemic. Sedentary adults are the ones who could benefit most from inter-
ventions aimed at increasing physical activity, but they are often hard to recruit in such interventions,
due to internal discouraging beliefs in their ability to exercise [55]. Thus, this work aims to provide
sedentary adults with a means of becoming more physically active.

Currently, a common approach to encourage an increase in physical activity is through smartphone
applications, which generally promote setting goals and self-monitoring, while providing feedback on
the personôs progress [71]. Setting goals is the core part of goal-setting theory, originally defined by
Latham and Locke [58]. The theory mainly outlines that specific goals which are challenging for the
person lead to better performance compared to urging people to òdo their bestò, which is a generic and
arbitrarily easy goal. It is possible that the goal-setting aspect of smartphone applications is a factor
which contributes to an increase in physical activity for people who use smartphone apps compared to
people who do not [48, 103]. However, this increase is generally only seen in the first few months, after
which it diminishes, due to a decline in engagement [83].

Reduced engagement could be the effect of people abandoning the goals that they set when they
downloaded the application, since goal commitment is one of the most important parts of a successful
goal-setting procedure when the goals are specific and challenging [64]. According to Locke [64], there
are multiple possible causes which would make people abandon their goals. First, the high complexity
of a task, such as being physically active, means that people who are not experienced with doing
physical activity will find it difficult to come up with strategies necessary to make meaningful progress
towards the goal. Second, the idea of difficult goals puts pressure on people, in the sense that they
feel the need to perform well and meet the goal no matter what, often sacrificing quality in the process,
which can lead to injury (e.g. [96]). Third, the effects of negative feedback, for example a message
saying that the person failed to reach a goal, are demoralising. Since not being able to achieve a goal
is seen as a lack in oneôs own ability, it decreases peopleôs self-efficacy (a term defined by Bandura
[8], meaning peopleôs confidence in their ability to do something, such as reaching a goal in this case).
Thus, there are many factors which can cause a person to abandon their goal, so a way of diminishing
their effects is necessary.

One of the strategies to increase goal commitment is developing action plans [87], which define
a clear path towards the goal. By working together with the person when setting their goal and when
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1.1. Motivation 2

creating the action plan, it is possible to provide the necessary information for becomingmore physically
active and exercising properly, while avoiding the risk of injury. Additionally, having an action plan in
place means the end goal will seem more attainable [64, 82], thus relieving the pressure put on by
the goalôs difficulty. Furthermore, through a technique called coping planning [86], people can think
of barriers which might prevent them from following the plan. In doing so, the likelihood of negative
feedback decreases, as the coping plan aims to help people come up with solutions to overcome their
barriers ahead of time. Therefore, creating action and coping plans together with a person has the
potential to provide them with a way of reaching their goal and prevent its abandonment.

Creating a plan together with a person can be done in two different ways. Kulis et al. [53] differen-
tiate between collaborative planning (wherein the target person and their partner collaborate to create
a plan for them to do something together, such as physical activity) and dyadic planning (which means
that the target person creates a plan only for themselves, while their partnerôs job is to assist them,
having the role of a helper). In a randomised controlled trial (RCT), Kulis et al. [53] showed that, when
performing dyadic planning, both the target person and their helper managed to increase their physical
activity. It is worth mentioning that the helpers in this RCT were either friends, family, romantic partners
or co-workers for at least one year and met at least several times a week, so they were people close
to each other, and not strangers. Similarly, Keller et al. [52] compared plan enactment in the case of
individual and dyadic plans in an RCT in which the participants (both target and helper) were romantic
partners. The authors found that formulating plans together with a partner leads to higher plan enact-
ment compared to individual plans. It seems that the addition of a partner in the planning process can
help anticipate barriers that the target person did not think of, or help describe the activity and what
it entails more clearly [52]. Additionally, the other member of the dyad also has the role of providing
social support, which motivates the target person to achieve their goal [11].

A potential problem arises when the helper in the dyad might not have the information necessary to
instruct the target person on how to do physical activity properly, in order to avoid injury. Alternatively,
they may not have the necessary skills to create a plan that can help the target person reach the goal.
In other words, the helper might not be able to change the target personôs behaviour. Fortunately, this
role of helper could be fulfilled by a conversational agent. Conversational agents have been previously
used to promote physical activity, an example being a paper by Bickmore, Schulman, and Sidner [12],
who showed an agent that can change peopleôs health behaviours. According to Luo et al. [67], conver-
sational agents seem to have the potential for behaviour change with regards to physical activity. This
conversation agent would then play the role of a virtual coach, guiding people through the goal-setting
process and helping them create a plan for reaching their goal, while also providing information about
physical activity and helping people identify potential barriers.

The virtual coach also has to take into account goal commitment. This can be seen as the virtual
coach trying to persuade the person to follow the plan, since then the person is the most likely to
reach their goal. However, different strategies for persuasion can be used, and they might depend
on the different characteristics of people (e.g. perceived usefulness [31] of planning or confidence in
being able to follow the plan [86]). For example, if a person does not perceive planning as useful
for them, it might be worthwhile to explain how planning can help them. Alternatively, maybe the
person is not confident that they can follow the plan, in which case the virtual coach could show them
that other people managed to succeed, in order to boost the personôs confidence. Factors such as
confidence, and perceived usefulness can be considered a personôs òstate.ò Thus, to facilitate the
interaction between a person and the virtual coach, the virtual coach needs to understand what current
state the person is in, and select a way of persuading them that is the most likely to make them commit
to the plan. Some consideration of what the state will look like in the future, after the virtual coach
does something, should also be included. For example, thinking about barriers which might prevent
them from doing physical activity might make people less confident in their ability to follow the plan.
Another example is the fact that the virtual coach could help the person think of ways of overcoming
their barriers only if it had already helped the person identify these barriers beforehand. An approach
which takes into account states and future states to determine the best strategy to fulfill some purpose
is reinforcement learning. In the context of asking people for donations, Tran, Alikhani, and Litman [99]
used reinforcement learning to decide what an agent should say, based on the personôs perception of
donating to a charity, to determine the person to make said donation. Similarly, the virtual coach could
use reinforcement learning to decide how to act, depending on the personôs state, to persuade them to
commit to the plan.



1.2. Research question 3

It is worth studying if the results regarding the potential that conversational agents have for be-
haviour change can be translated into a virtual coach capable of helping people develop plans, and of
persuading them to follow those plans through reinforcement learning. In this study, we aimed to help
sedentary people commit to the goals they set, by developing a dyadic plan that they are committed
to. However, unlike previous research regarding increasing physical activity through planning interven-
tions, in our study, creating the plan was done not with the help of a physician or specialist, but with
that of a conversational agent (with the role of virtual coach). Our virtual coach helped the person set a
goal, and then explore their possibilities in terms of designing a plan, rather than asking them to do this
on their own, and tried to persuade people to commit to following this plan, to ensure that they would
not abandon their goal.

The aim of this work is to develop a dialogue with a conversational agent, based on goal setting theory,
with the purpose of setting a goal and developing a dyadic plan for reaching it. The main research
question is therefore

How can reinforcement learning be used to persuade people to follow their dyadic physical
activity plan in a dialogue with a virtual coach?

Sub-questions are

1. What are factors, values, and concerns that need to be considered in a dialogue that
facilitates goal setting and dyadic planning with a person?
2. How can a dialogue for dyadic planning with a virtual coach be designed?
3. How well can reinforcement learning select persuasive strategies to be used as part of
a dyadic planning dialogue to make people

Å satisfied with the dialogue
Å committed to the plan for taking walks
Å confident in reaching their goal

The first step towards answering the aforementioned questions was to study past research into conver-
sational agents, goal setting theory, action planning, and reinforcement learning, in order to provide an
overview of the methods used for setting goals and creating plans. Based on this and on the insights
of experts in physical activity and health psychology, the first sub-question (regarding factors, values,
and concerns) was answered (Chapter 2). A dialogue and a virtual coach were designed, focusing on
the dyadic planning aspect of the interaction, resulting in a reinforcement learning model for the virtual
coach (Chapter 3). Data for the model was gathered in an observational study, and an optimal policy
for motivating people to commit to plans was created and analysed (Chapter 4). Results, limitations,
and proposals for future work, as well as closing thoughts were provided (Chapter 5).



2
Foundation

The aim of this chapter is to answer the first research sub-question:

What are factors, values, and concerns that need to be considered in a dialogue that facili-
tates goal setting and dyadic planning with a person?

To this end, we investigated previous research regarding planning, conversational agents used in
physical activity settings, goal setting theory, and reinforcement learning used to adapt to the person.
In addition, we discussed with experts in health psychology and biomedical signals and systems to help
further our understanding in some of these topics and make appropriate design choices. The factors,
values, and concerns identified in this manner are presented at the end of the chapter as a table, and
they are referenced by numbers in the following (e.g. (FVC1) for the first factor, value, or concern that
was identified).

The participants in the expert discussions were a PhD student in the field of biomedical signals
and systems, and a PhD student in the field of health psychology. On one hand, the first expertôs
background in biomedical signals and systems helped us determine the limits of physical activity per
week, but also understand how to develop plans for physical activity and how to measure the intensity
of the exercises. On the other hand, the second expertôs input from a health psychological point of view
was very important in ascertaining how people themselves create plans and what helps them commit
to following these plans. The materials used during the expert discussions can be found in Appendix
A. These consist of the scenarios presented to the experts.

As part of both consultations, the procedure we followed was to present the experts with scenarios
that showcased the use of our system in varying contexts. For each scenario, multiple alternatives
were presented and the experts were asked to pick one and argue why it is more suitable than the
other ones, or argue why a different approach than the ones presented would be better.

Many physical activity interventions are centered around goal setting theory. The theory was founded
by Locke and Latham in 1991 [58], based on previous psychology research made by the two authors
and by others. At its core, the theory states that specific and difficult goals produce better results than
ambiguous goals such as òdo your bestò or similar formulations. Furthermore, more difficult goals lead
to better performance, assuming that the person does not have conflicting goals and is committed to
their goal [62].

Goal commitment is considered to be a crucial aspect of goal setting [62, 64]. Without being com-
mitted to a difficult goal, the person is most likely to just abandon it rather than keep trying to attain
it, due to its difficulty. In this context, perceived goal attainability and perceived goal importance are
mentioned as prerequisites of high commitment [64]. The former can be provided by planning, while
the latter can be achieved by providing a convincing rationale (that could also include planning) [64].
As such, planning can be used to boost a personôs commitment to their goal. (FVC1)

Besides increasing commitment to the goal, we are interested in whether or not planning can actually
change a personôs physical activity behaviour. Two techniques for planning, action planning [24, 30,
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2.2. Factors that influence planning 5

89, 90, 107, 109] and coping planning [24, 89, 90, 109] were identified as useful techniques for for
changing physical activity behaviour. This means that following the plan allows people to change their
behaviour, so we should aim to make people commit to following their plans. (FVC2)

Both coping and action plans were previously used by Scobbie, Dixon, and Wyke [86], who de-
veloped a model for setting goals and generating plans to reach them in a rehabilitation setting. The
goals werenôt necessarily related to physical activity, as their aim was to provide a general framework
to follow in interventions that include goal setting and then action planning. This model aligns with the
findings by Lenzen et al. [61], in their review regarding how the goal setting, action planning, and cop-
ing planning processes are being used in practice. Namely, there are five main steps that are followed.
òPreparationò prompts the user to take an introspective look at the current situation and what they want
to improve. òFormulation of goalsò asks the user to formulate goals which are specific and challenging,
based on the previous step. òFormulation of planò entails developing an action plan, which describes
what, when, where, and how they will work towards their goal. òCoping planningò means identifying
barriers which could interfere with the action plan and thinking of solutions to overcome them, while
also assessing the confidence in following the plan. The òfollow-up,ò after a period of time, measures
the progress made and gives feedback. In their research Sniehotta, Scholz, and Schwarzer [89] and
Sniehotta et al. [90], also indicate that combining goal setting with action and coping planning is benefi-
cial for aligning the personôs actions with their goal. Therefore, we can conclude that developing action
and coping plans after setting a goal can help guide peopleôs attempts to reach the goal. (FVC3)

Both action and coping planning can be performed alone or with a partner. In their intervention
for promoting physical activity through planning, Ziegelmann, Lippke, and Schwarzer [109] found that
providing assistance to the person who is creating the plan leads to more complete plans and more
physical activity in the long term (six months) than planning individually. Similarly, dyadic planning is
a type of planning that involves the help of somebody else [52, 53]. Results show that it can lead to
higher plan enactment [52], as well as increased moderate-to-vigorous physical activity [53]. In this
context, the target (the person for whom the plan is created) and the helper (the person who assists
the target) are people who are close to each other, for example friends or family [53]. Burkert et al.
[21] have also shown that dyadic plans are more effective than individual plans for changing behaviour,
especially in the short term. (FVC4)

While we have established that creating dyadic plans is a good strategy to maximise goal commitment,
we also have to consider personal factors that might affect how people plan or how they commit to
following their plans. Such factors can be derived by looking at how people create plans for physical
activity in their daily lives.

Gªrling and Fujii [41] identified a personôs attitude (along with other factors present in the theory
of planned behaviour [3]) to have an effect on how likely a person is to make a plan (not necessarily
for physical activity). They argue that overconfidence in oneôs abilities to perform a behaviour might
negatively influence plan creation, thus causing the behaviour to be unaccomplished. Thus, ensuring
that people have a positive attitude towards planning and that they are not overconfident is necessary,
in order to facilitate planning. (FVC5)

While we should strive to combat overconfidence, confidence itself is also an important aspect to
consider. In their research, Lorig et al. [66] asked people if they are confident that they can follow the
plan, indicating that, low confidence is associated with a low likelihood of following the plan. (FVC6)

Besides attitude and confidence, Xu, Yan, and Newman [108] found that factors such as daily rou-
tines, anticipated energy levels, and past experience with physical activity influenced how people create
their plans. The expert in biomedical signals and systems also suggested past experience as an im-
portant factor to consider. Therefore, routines, anticipated energy levels, and past experience should
be taken into account when creating plans. (FVC7)

Since the target group of this work was inactive people, we assumed that they have limited experience
with physical activity. Thus, it was necessary to consider howmuch physical activity a sedentary person
can do and what suitable goals for this group are. In order to determine how to set goals, we talked to
the expert in biomedical signals and systems to determine how much physical activity is reasonable for
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a sedentary person. A baseline for how much physical activity people should do is the one provided by
the WHO: òAll adults should undertake 150ï300 min of moderate-intensity, or 75ï150 min of vigorous-
intensity physical activity, or some equivalent combination of moderate-intensity and vigorous-intensity
aerobic physical activity, per week.ò [20]

This amount of physical activity could be reached through walking, for example. According to Lee
and Buchner [60], walking as a means of doing physical activity is appropriate for anyone, as well as
easily accessible. Furthermore, walking is the most acceptable form of physical activity for people
who are inactive [14], while òshort bouts of activity (...) may be suitable for those initiating physical
activity.ò [88, p. 30]. This could be accomplished through walking goals, which fall under the category
of moderate-intensity physical activity when done at a moderate intensity [14]. (FVC8)

To determine how to create a plan for waking, we discussed with the health psychology expert, as
part of their experience involved coaching people and creating plans. An important aspect mentioned
by the expert, which is also identified by Lorig et al. [66], is that the plan should be created and owned
by the individual, and not assigned to them, since this helps them commit to following the plan when
they feel like they are in control. In similar fashion, Locke [64] found that when people set the goals
themselves or when they participate in the goal setting process, they are more committed to the goal.
(FVC9)

When creating the plan itself, planning sheets represent a tool that is sometimes used [81, 89].
Radtke et al. [81] provide an example of such a planning sheet which is designed as a table with
columns that correspond to common questions often found in action plans (when, where, how, and
how long). The participants are asked to fill in these columns, then formulate their plans in an òif-thenò
format (e.g. òIf it is Tuesday, then I will go for a 30 minute walk at 6 PMò). As Hagger and Luszczynska
[46] point out, the aim of these planning sheets is to help people remember and enact the behaviour
they wrote down in their plan. The expert further informed us that that a visual representation of the plan
is important because it provides an easy way of interpreting the plan and conceptualising an overview
of what has to be done when. (FVC10)

Besides the representation, the duration of the plans is also an important aspect to consider. The
expert suggested not to plan too far into the future, as this is usually difficult for people to do and
detailed plans for many weeks might seem overwhelming. In line with this suggestion is the framework
proposed by Gerber et al. [43], wherein the focus is on breaking a larger task into smaller parts, which
can provide small visible wins throughout the process. In turn, these small wins allow people to remain
committed to the end goal despite uncertainties along the way. The expert additionally mentioned that
people tend to overestimate how much they can do in a certain time period. This phenomenon is often
referred to as òthe planning fallacyò [18, 19, 97], and it shows that people tend to predict that they will
complete a task earlier than they actually finish said task [18]. Therefore, plans should be focused on
the near future, and and include a fixed duration for the walk. (FVC11)

To go a step further than setting goals and creating plans, we can take a look at how the virtual coach
can adapt the way in which it tries to persuade a person. Being able to adapt to the person means the
virtual coach has a higher chance of being able to change the personôs behaviour, as was shown by
Maher et al. [68] and Mohan, Venkatakrishnan, and Hartzler [72]. Maher et al. [68] looked at the effects
of a chatbot in a behaviour change intervention with older adults. The study was targeted at increasing
physical activity and motivating dietary change through setting personalised goals for taking a number
of steps and following a specific diet each week. Similarly, Mohan, Venkatakrishnan, and Hartzler [72]
showed that personalised goals can motivate sedentary adults to do more physical activity. Thus, a
virtual coach that can adapt to the personôs needs and wants can help people change their behaviour
and do more physical activity. (FVC12)

Rather than adapting the goals, we wanted to adapt the way in which the virtual coach tries to
persuade people to commit to their plans. For this, we investigated the use of reinforcement learning
in the context of adapting to the user. Tran, Alikhani, and Litman [99] presented an agent that acted
in the context of persuading people to donate to a charity. Their agent kept track of the personôs
attitude towards donating, since they found attitude to be indicative of a personôs willingness to make a
donation. Furthermore, by leveraging several different means of persuasion, the agent learned when
to try to change these opinions and when to ask if the person is willing to donate. In similar fashion,
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Weber et al. [106] used reinforcement learning to adapt to the personôs feedback, in the context of
persuading through logical arguments. The feedback is used to infer the userôs stance with regards to
the logical argument provided. Their agent was tested in a study targeted at persuading people to visit
a hotel, and showed that it is able to accurately predict the personôs stance and adapt appropriately.
Both studies used a reinforcement learning techniques to adapt to the user and successfully persuade
them. Thus, reinforcement learning can be used to adaptively persuade people. (FVC13)

Based on the previous considerations for dialogues that facilitate dyadic planning with a virtual coach,
we complied the guidelines presented in Table 2.1.

Table 2.1: Factors, values, and concerns for developing a dialogue that facilitates dyadic planning

Number Factor, value, or concern description
FVC1 planning can increase commitment to the goal
FVC2 commitment to the plan allows people to change their behaviour
FVC3 action and coping planning after setting a goal can help people by guiding them

towards the goal
FVC4 dyadic planning is more effective than individual planning
FVC5 planning is more effective when people have a positive attitude and are not

overconfident
FVC6 while overconfidence is undesirable, confidence in being able to follow the plan

is necessary
FVC7 routines, anticipated energy levels, and past experience with physical activity

are important for creating plans
FVC8 walking goals at moderate intensity are suitable for people who are sedentary
FVC9 goals and plans that are created with the person increase their commitment
FVC10 a visual representation of when, where, how, and for how long to walk is easy

to understand and interpret
FVC11 planning too far into the future is difficult, since people underestimate how long

their activities take
FVC12 a virtual coach that can adapt to the person can change the personôs behaviour
FVC13 reinforcement learning can be used to adapt the way in which the virtual coach

persuades the person



3
Design

The aim of this chapter is to answer the second research sub-question:

How can a dialogue for dyadic planning with a virtual coach be designed?

To answer the research sub-question, we took into account the factors, values, and concerns iden-
tified in the previous chapter, as well as opinions from the expert consultations. The model of the
dialogue between the person and the virtual coach was designed by approaching this dialogue as a
reinforcement learning problem. This would allow the virtual coach to adapt based on the situation that
the person is currently in, while also taking into account how this situation might change throughout the
conversation. While this chapter describes the design of the model and the interaction that was used
in our study, it is worth noting that there are some differences between the study and an actual use
of the virtual coach in a real-life setting, such as daily life. When applicable, we refer to how a certain
aspect of the model or the interaction could be implemented in a real-life setting.

During the interaction with a person, the virtual coach has two main goals. The first goal is plan
creation. The virtual coach chats with the person about the moments during the week when they have
free time and when they feel more (or less) energetic than usual (since these were the aspects relevant
for planning identified in the previous chapter), and then uses that information to create an initial plan.
The second goal is plan commitment. In brief, the virtual coach can try to persuade people to follow
the plan created previously, through several different (persuasive) strategies. These strategies are
expected to change the personôs situation, after which a different persuasive strategy may be used.
This constitutes the main part of the dialogue, and is depicted in Figure 3.1.

Figure 3.1: Overview of the main part of the dialogue between the person and the virtual coach

8
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The plan commitment is handled by the underlying reinforcement learning model. For the coach to
be able to select the best persuasive strategy, it is necessary to first describe what the virtual coach can
see and what it can do. In reinforcement learning, these correspond to states and actions, respectively.
Additionally, in order to learn what to do based on the current situation, a reward function is needed, to
indicate when a certain action is better than a different one. The dialogue with the person is used to
gather the data necessary for this reinforcement learning model.

Some parts of the dialogue need to follow a linear structure, to enable asking the necessary ques-
tions to begin the main part of the conversation. The overall structure of the dialogue can be seen in
Figure 3.2. After a short introduction in phase 1, the virtual coach moves on to its two main goals: plan
creation in phase 2 and plan commitment in phase 3.

Figure 3.2: The three phases of the dialogue

The first phase of the dialogue starts with Jamie introducing itself and then asking the person about
their mood. The question for the mood is based on research by Russell [84], which provides 28 options
for adjectives used to describe a personôs mood (Figure 3.3).

The virtual coach communicates with people through a text-based chat, as can be seen in Figure
3.3. It does not have a physical representation like an embodied conversational agent would, which
means its personality is conveyed entirely though the language it uses to express itself. The virtual
coach has an extraverted personality, since this personality type has a positive effect on communication
satisfaction when talking about everyday activities [2]. The health psychology expert, who was asked
to review the choice of language for the dialogue, additionally confirmed that the way in which the virtual
coach speaks is appropriate for the context of planning for physical activity.
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To convey extraversion, the virtual coach is the one who initiates the conversation, speaks in an
informal manner, and sends multiple messages in a row (corresponding to a high rate of speech) [2].
Additionally, another way it conveys extraversion is through its frequent use of exclamation marks, the
acknowledgement the personôs responses by starting its utterances with an initial back-channel [75]
(e.g. òOkay! Thanks for letting me knowò). The virtual coach communicates in an informal manner,
evident from the first message it sends, òHey there! Iôm Jamie, your virtual coach.ò

The name òJamieò was chosen as the name of the virtual coach. As Feine et al. [34] point out, there
seems to be a gender bias in the design of conversational agents, and they argue that gender-specific
cues might have an effect on how people interact with the agent. Therefore, a gender-neutral name
was chosen to try to diminish this effect as much as possible.

Figure 3.3: The first part of the interaction between the virtual coach and the person, including
the question about mood

Having introduced the virtual coach, we can focus on the core part of the intervention and the main part
of the conversation, plan commitment, where we present how the virtual coach employs persuasive
strategies to try to make people to commit to the plan. As shown in Figure 3.1, this phase of the
dialogue consists of asking the person to specify their situation, and then using a persuasive strategy.

The persuasive strategies that the virtual coach can use correspond to actions in reinforcement learning.
The situation that the person is in makes up a part of what is called a state in reinforcement learning.
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Besides the personôs situation, the virtual coach also keeps track of what persuasive strategies it has
used previously, inspired by the work of Tran, Alikhani, and Litman [99]. This is the other part of the
state. Therefore, the state is created by combining aspects related to the person and aspects related
to the conversation. At the end of the interaction, the virtual coach asks the person to evaluate the
conversation in terms of several other aspects, including their commitment to the plan. The personôs
evaluation of the conversation corresponds to the reward in reinforcement learning. This is a proxy
measure of a personôs performance. In a real-life setting, the virtual coach could ask the person which
parts of the plan they managed to follow, or which ones were difficult and also adapt the plan or its
difficulty accordingly.

The reinforcement learning problem of determining which persuasive strategies are best to use
depending on the state can be formalised as a Markov Decision Process (MDP). An MDP is defined
as a tuple hS; A; R; T; i, where

Å S is the state space,
Å A is the action space (actions that can be done in the states of S),
Å R is the reward function,
Å T defines the transitions between states (the transition function),
Å and  is the discount factor, which indicates how much future rewards affect the current decision.

An agent (in this case, the virtual coach) acting in an MDP aims to learn an optimal policy �� (a set
of optimal actions to take in each possible state), which maximizes the expected cumulative sum of
discounted rewards over time E[

∑1
t trt], where t represents time steps, rt is the reward in time step

t, and  is the discount factor. A time step corresponds to a transition between states, via an action, or,
in other words, taking an action a, while in state s and moving to a state s0, while getting reward R(s; a).
The transition probability p(s0js; a) explains how likely it is to move to state s0 by taking action a while
in state s.

One possible method for learning the optimal policy is value iteration(Algorithm 1 in Hamadouche
et al. [47], for example). Value iteration works by gradually building a table (called a Q-table) of state-
action pairs, based on the values of a function Q(s; a), that represents the quality of taking action a
while in state s. During this process, the values in the table are updated at each time step t, leading to
the following optimal Q-value function (called the Bellman equation [10]):

Q�(s; a) = R(s; a) + 
∑
s′2S

p(s0js; a) max
a′2A

Q�(s0; a0)

In our study, the discount factor  was set to 85%. The higher the discount factor is, the more value
is placed on the future states. Since we wanted to account for future states, but also for current states,
we chose 85% to focus slightly more on rewards in the near future, as was done by Albers, Neerincx,
and Brinkman [4] for example.

The main components considered for a state are the ones related to the personôs situation:

Å The personôs confidence in following the plan. The confidence in following the plan is impor-
tant, as high confidence in following the plan is associated with actually completing the plan [66],
and confidence can determine if people will commit to the plan or not [86].

Å The personôs perceived usefulness of planning. The perceived usefulness is another impor-
tant component to take into account. In the Technology Acceptance Model (TAM) proposed by
Davis [31], perceived usefulness influences the intention to use the system. So, in similar fash-
ion, perceived usefulness of planning is expected to influence the intention to use the created
plan. Creating plans that people do not perceive as useful is unlikely to make people commit to
following the plan.

Å The personôs attitude towards planning. The attitude is part of the theory of reasoned action by
Fishbein and Ajzen [36], and the theory of planned behaviour by Ajzen [3], wherein it influences
the intention to do a behaviour. Gªrling and Fujii [41] found that attitude determines how likely a
person is to create a plan. As was the case for the perceived usefulness, if people do not have
a positive attitude towards planning, then the plans they create are not likely to be implemented.
As such, attitude towards planning is also an important aspect to look at.
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�Z�H �K�\�S�R�W�K�H�V�L�V�H �W�K�D�W �W�D�N�L�Q�J �P�X�O�W�L�S�O�H �V�X�F�K �D�F�W�L�R�Q�V �F�D�Q �K�H�O�S �F�R�P�E�D�W �D �S�H�U�V�R�Q�¶�V �R�Y�H�U�F�R�Q�I�L�G�H�Q�F�H�� �%�\ �Q�R�W
�V�H�W�W�L�Q�J �D �P�L�Q�L�P�X�P �Q�X�P�E�H�U �R�I �D�F�W�L�R�Q�V�� �W�K�H�U�H �L�V �W�K�H �U�L�V�N �R�I �H�Q�G�L�Q�J �W�K�H �G�L�D�O�R�J�X�H �U�L�J�K�W �D�Z�D�\ �L�I �W�K�H �V�W�D�W�H �L�V
�J�R�R�G�� �'�R�L�Q�J �V�R �Z�R�X�O�G �P�H�D�Q �W�D�N�L�Q�J �W�K�H �S�H�U�V�R�Q�¶�V �K�L�J�K �F�R�Q�I�L�G�H�Q�F�H �D�W �I�D�F�H �Y�D�O�X�H�� �W�K�X�V �I�D�L�O�L�Q�J �W�R �D�F�F�R�X�Q�W
�I�R�U �R�Y�H�U�F�R�Q�I�L�G�H�Q�F�H��

�:�K�H�Q �W�K�H �V�W�D�W�H �L�V �´�J�R�R�G�´ �D�Q�G �D�W �O�H�D�V�W �W�Z�R �S�H�U�V�X�D�V�L�Y�H �V�W�U�D�W�H�J�L�H�V �K�D�Y�H �E�H�H�Q �X�V�H�G�� �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K
�H�Q�G�V �W�K�H �G�L�D�O�R�J�X�H�� �E�\ �D�V�N�L�Q�J �I�R�X�U �T�X�H�V�W�L�R�Q�V�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �P�H�D�V�X�U�L�Q�J �W�K�H �U�H�Z�D�U�G �I�X�Q�F�W�L�R�Q�� �7�K�H
�U�H�Z�D�U�G �I�X�Q�F�W�L�R�Q �V�S�H�F�L�I�L�H�V �W�K�H �U�H�Z�D�U�G �J�D�L�Q�H�G �Z�K�H�Q �W�U�D�Q�V�L�W�L�R�Q�L�Q�J �E�H�W�Z�H�H�Q �V�W�D�W�H�V �E�\ �W�D�N�L�Q�J �D�Q �D�F�W�L�R�Q�� �,�Q
�R�X�U �V�W�X�G�\�� �W�K�H �U�H�Z�D�U�G �I�X�Q�F�W�L�R�Q �I�R�U �V�W�D�W�H�V �W�K�D�W �D�U�H �Q�R�W �D�W �W�K�H �H�Q�G �R�I �W�K�H �F�R�Q�Y�H�U�V�D�W�L�R�Q �L�V ���� �D�Q�G�� �I�R�U �W�K�H
�V�W�D�W�H �D�W �W�K�H �H�Q�G �R�I �W�K�H �F�R�Q�Y�H�U�V�D�W�L�R�Q�� �L�W �F�R�Q�V�L�V�W�V �R�I �D �F�R�P�E�L�Q�D�W�L�R�Q �R�I �W�K�H �I�R�O�O�R�Z�L�Q�J��

�‡�W�K�H �S�H�U�V�R�Q�¶�V �V�D�W�L�V�I�D�F�W�L�R�Q ��Sat�� �Z�L�W�K �W�K�H �G�L�D�O�R�J�X�H ���V�L�Q�F�H �L�Q�W�H�U�D�F�W�L�Q�J �Z�L�W�K �D�Q �D�J�H�Q�W �W�K�D�W �G�R�H�V �Q�R�W
�V�D�W�L�V�I�\ �W�K�H �S�H�U�V�R�Q�¶�V �Q�H�H�G�V �R�U �W�K�D�W �L�V �D�Q�Q�R�\�L�Q�J �W�R �W�D�O�N �W�R �Z�R�X�O�G �O�H�D�G �W�R �S�H�R�S�O�H �G�H�F�L�G�L�Q�J �Q�R�W �W�R
�F�R�Q�Y�H�U�V�H �Z�L�W�K �W�K�H �D�J�H�Q�W �D�Q�\�P�R�U�H����

�‡�W�K�H�L�U �F�R�P�P�L�W�P�H�Q�W �W�R �G�R�L�Q�J �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �L�Q �D�F�F�R�U�G�D�Q�F�H �Z�L�W�K �W�K�H �I�L�U�V�W �W�Z�R �Z�H�H�N�V �R�I �W�K�H �S�O�D�Q ��C2����
�D�V �Z�H�O�O �D�V �W�K�H�L�U �F�R�P�P�L�W�P�H�Q�W �W�R �G�R�L�Q�J �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �L�Q �D�F�F�R�U�G�D�Q�F�H �Z�L�W�K �W�K�H �H�Q�W�L�U�H �S�O�D�Q ��Cf ����

�‡�D�Q�G �F�R�Q�I�L�G�H�Q�F�H ��Con�� �W�R �U�H�D�F�K �W�K�H �J�R�D�O ���V�L�Q�F�H �J�R�D�O �F�R�P�P�L�W�P�H�Q�W �L�V �R�Q�H �R�I �W�K�H �L�P�S�R�U�W�D�Q�W �I�D�F�W�R�U�V �R�I
�H�Q�V�X�U�L�Q�J �W�K�D�W �S�H�R�S�O�H �G�R�Q�¶�W �D�E�D�Q�G�R�Q �W�K�H�L�U �J�R�D�O �>���� �@����

�7�K�H �I�X�Q�F�W�L�R�Q �X�V�H�G �L�Q �R�X�U �V�W�X�G�\ �L�VF = Sat +0 :8�C 2+0 :2�Cf + Conf
3 �� �,�Q �D �U�H�D�O���O�L�I�H �V�H�W�W�L�Q�J�� �W�K�H�U�H �F�R�X�O�G

�E�H �G�L�I�I�H�U�H�Q�W �D�V�S�H�F�W�V �W�R �W�D�N�H �L�Q�W�R �D�F�F�R�X�Q�W�� �7�K�H �V�D�W�L�V�I�D�F�W�L�R�Q �Z�L�W�K �W�K�H �G�L�D�O�R�J�X�H �V�K�R�X�O�G �V�W�L�O�O �E�H �W�D�N�H�Q �L�Q�W�R
�D�F�F�R�X�Q�W�� �D�V �D�Q �X�Q�V�D�W�L�V�I�\�L�Q�J �G�L�D�O�R�J�X�H �Z�L�O�O �S�U�H�Y�H�Q�W �S�H�R�S�O�H �I�U�R�P �F�R�Q�Y�H�U�V�L�Q�J �Z�L�W�K �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �P�X�O�W�L�S�O�H
�W�L�P�H�V�� �,�Q�V�W�H�D�G �R�I �F�R�P�P�L�W�P�H�Q�W �W�R �W�K�H �S�O�D�Q�� �D�F�W�X�D�O �S�H�U�I�R�U�P�D�Q�F�H �F�R�X�O�G �E�H �F�K�H�F�N�H�G�� �:�K�H�Q�H�Y�H�U �W�K�H �S�H�U�V�R�Q
�V�X�F�F�H�V�V�I�X�O�O�\ �F�R�P�S�O�H�W�H�V �R�Q�H �G�D�\ �R�I �W�K�H �S�O�D�Q�� �W�K�H�\ �F�R�X�O�G �F�K�D�W �Z�L�W�K �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �D�Q�G �W�D�O�N �D�E�R�X�W �W�K�H�L�U
�H�[�S�H�U�L�H�Q�F�H�� �W�K�L�Q�J�V �W�K�H�\ �I�R�X�Q�G �G�L�I�I�L�F�X�O�W�� �R�U �P�D�\�E�H �H�Y�H�Q �L�G�H�D�V �I�R�U �K�R�Z �W�R �L�Q�F�O�X�G�H �V�R�P�H �Y�D�U�L�D�W�L�R�Q �L�Q�W�R �W�K�H
�S�O�D�Q �E�\ �F�K�D�Q�J�L�Q�J �W�K�H �O�R�F�D�W�L�R�Q�� �I�R�U �H�[�D�P�S�O�H�� �7�K�H �F�R�Q�I�L�G�H�Q�F�H �L�Q �U�H�D�F�K�L�Q�J �W�K�H �J�R�D�O �F�D�Q �E�H �N�H�S�W�� �E�X�W �L�W �P�L�J�K�W
�D�O�V�R �E�H �Z�R�U�W�K�Z�K�L�O�H �W�R �F�R�Q�V�L�G�H�U �Z�H�H�N�O�\ �D�G�D�S�W�L�Y�H �J�R�D�O�V�� �D�V �W�K�H�\ �P�L�J�K�W �E�H �P�R�U�H �V�X�L�W�D�E�O�H �I�R�U �P�R�W�L�Y�D�W�L�Q�J
�S�H�R�S�O�H �W�R �G�R �P�R�U�H �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �>�������� �@�� �D�Q�G �L�Q �W�K�L�V �F�D�V�H �W�K�H �F�R�Q�I�L�G�H�Q�F�H �F�D�Q �E�H �H�L�W�K�H�U �D�E�R�X�W �W�K�H �H�Q�G
�J�R�D�O�� �W�K�H�V�H �Q�H�Z �Z�H�H�N�O�\ �J�R�D�O�V�� �R�U �H�Y�H�Q �E�R�W�K��



�������� �4�P�E�R �G�V�I�E�X�M�S�R ���4�L�E�W�I ��� ����

���������4�P�E�R �G�V�I�E�X�M�S�R ���4�L�E�W�I ���
�*�R�L�Q�J �E�D�F�N �W�R �W�K�H �V�H�F�R�Q�G �S�K�D�V�H�� �W�K�L�V �L�V �W�K�H �S�R�L�Q�W �Z�K�H�U�H �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �J�D�W�K�H�U�V �W�K�H �L�Q�I�R�U�P�D�W�L�R�Q �Q�H�H�G�H�G
�W�R �F�U�H�D�W�H �W�K�H �L�Q�L�W�L�D�O �S�O�D�Q�� �W�K�H �S�H�U�V�R�Q�¶�V �J�R�D�O�� �W�K�H�L�U �I�U�H�H �W�L�P�H�� �D�Q�G �W�K�H�L�U �H�Q�H�U�J�\ �O�H�Y�H�O�V �W�K�U�R�X�J�K�R�X�W �W�K�H �G�D�\��
�7�K�L�V �S�K�D�V�H �V�W�D�U�W�V �Z�L�W�K �V�H�W�W�L�Q�J �D �J�R�D�O�� �7�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �H�[�S�O�D�L�Q�V �W�K�D�W �J�R�D�O�V �V�K�R�X�O�G �E�H �F�K�D�O�O�H�Q�J�L�Q�J �D�Q�G
�D�F�K�L�H�Y�D�E�O�H�� �L�Q �D�F�F�R�U�G�D�Q�F�H �Z�L�W�K �J�R�D�O���V�H�W�W�L�Q�J �W�K�H�R�U�\ �>���� �@�� �1�H�[�W�� �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �H�[�S�O�D�L�Q�V �W�K�D�W �J�R�D�O�V �D�U�H
�X�V�X�D�O�O�\ �P�H�D�V�X�U�H�G �L�Q �W�H�U�P�V �R�I �V�W�H�S�V �S�H�U �G�D�\�� �Z�L�W�K �D �F�R�P�P�R�Q �J�R�D�O �E�H�L�Q�J �W�R �W�D�N�H ���������� �V�W�H�S�V �H�D�F�K �G�D�\��
�$�F�F�R�U�G�L�Q�J �W�R �:�D�W�W�D�Q�D�S�L�V�L�W �D�Q�G �7�K�D�Q�D�P�H�H �>������ �@�� ���������� �V�W�H�S�V �S�H�U �G�D�\ �L�V �D �F�R�P�P�R�Q �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q �D�Q�G
�L�W �L�V �F�R�P�S�D�U�D�E�O�H �W�R �W�K�H �:�+�2�¶�V �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q �R�I ������ �P�L�Q�X�W�H�V �R�I �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �D�W �P�R�G�H�U�D�W�H �L�Q�W�H�Q�V�L�W�\
�S�H�U �Z�H�H�N �>���� �@�� �7�K�H �H�[�S�H�U�W �L�Q �E�L�R�P�H�G�L�F�D�O �V�L�J�Q�D�O�V �D�Q�G �V�\�V�W�H�P�V �Z�K�R�P �Z�H �G�L�V�F�X�V�V�H�G �Z�L�W�K �S�R�L�Q�W�H�G �R�X�W �W�K�D�W
�J�R�D�O�V �K�L�J�K�H�U �W�K�D�Q ���������� �V�W�H�S�V �P�L�J�K�W �E�H �P�R�U�H �V�X�L�W�D�E�O�H �I�R�U �P�R�U�H �P�R�W�L�Y�D�W�H�G �L�Q�G�L�Y�L�G�X�D�O�V�� �$�V �V�X�F�K�� �W�K�H
�S�H�U�V�R�Q �L�V �J�L�Y�H�Q �W�K�H �R�S�W�L�R�Q �W�R �F�K�R�R�V�H ���������� �V�W�H�S�V �D�V �W�K�H�L�U �J�R�D�O�� �E�X�W �W�K�H�\ �D�U�H �D�O�V�R �S�U�R�Y�L�G�H�G �Z�L�W�K �W�K�H
�D�O�W�H�U�Q�D�W�L�Y�H�V �R�I ���������� �R�U ���������� �V�W�H�S�V�� �L�Q �O�L�Q�H �Z�L�W�K �)�9�&�� �L�Q �7�D�E�O�H��������

�$�I�W�H�U �W�K�H �J�R�D�O �L�V �V�H�W�� �W�K�H �S�H�U�V�R�Q �L�V �D�V�N�H�G �W�R �S�U�R�Y�L�G�H �W�K�H �W�L�P�H�V �Z�K�H�Q �W�K�H�\ �D�U�H �I�U�H�H �G�X�U�L�Q�J �W�K�H �Z�H�H�N��
�$�V �F�D�Q �E�H �V�H�H�Q �L�Q �)�L�J�X�U�H�������� �S�H�R�S�O�H �D�U�H �S�U�H�V�H�Q�W�H�G �Z�L�W�K �D �W�D�E�O�H �V�L�P�L�O�D�U �W�R �W�K�D�W �R�I �D �F�D�O�H�Q�G�D�U�� �(�D�F�K �G�D�\
�L�V �V�S�O�L�W �L�Q�W�R �I�R�X�U �G�L�I�I�H�U�H�Q�W �W�L�P�H �V�O�R�W�V�� �7�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �L�Q�V�W�U�X�F�W�V �S�H�R�S�O�H �W�R �F�O�L�F�N �R�Q �R�Q�H �R�I �W�K�H �W�L�P�H �V�O�R�W�V �I�R�U
�D �F�R�U�U�H�V�S�R�Q�G�L�Q�J �G�D�\ �W�R �L�Q�G�L�F�D�W�H �W�K�D�W �W�K�H�\ �D�U�H �I�U�H�H �I�R�U �D�W �O�H�D�V�W ���� �P�L�Q�X�W�H�V �G�X�U�L�Q�J �W�K�D�W �W�L�P�H �V�O�R�W�� �6�H�O�H�F�W�H�G
�W�L�P�H �V�O�R�W�V �W�X�U�Q �J�U�H�H�Q �D�Q�G �G�L�V�S�O�D�\ �W�K�H �W�H�[�W �´�)�U�H�H���´ �$�G�G�L�W�L�R�Q�D�O�O�\�� �S�H�R�S�O�H �D�U�H �D�V�N�H�G �W�R �S�L�F�N �D�W �O�H�D�V�W �I�R�X�U �V�X�F�K
�W�L�P�H �V�O�R�W�V �Z�K�H�Q �W�K�H�\ �K�D�Y�H �W�L�P�H�� �7�K�H�V�H �W�L�P�H �V�O�R�W�V �V�K�R�X�O�G �V�S�D�Q �D�W �O�H�D�V�W �W�K�U�H�H �G�L�I�I�H�U�H�Q�W �G�D�\�V�� �W�R �H�Q�V�X�U�H
�W�K�D�W �S�H�R�S�O�H �W�U�\ �W�R �V�S�U�H�D�G �R�X�W �W�K�H�L�U �D�F�W�L�Y�L�W�\ �W�K�U�R�X�J�K�R�X�W �W�K�H �Z�H�H�N�� �U�D�W�K�H�U �W�K�D�Q �F�R�Q�G�H�Q�V�L�Q�J �D�O�O �R�I �L�W �L�Q�W�R �R�Q�H
�G�D�\�� �%�R�W�K �R�I �W�K�H �H�[�S�H�U�W�V �L�Q �K�H�D�O�W�K �S�V�\�F�K�R�O�R�J�\ �D�Q�G �E�L�R�P�H�G�L�F�D�O �V�L�J�Q�D�O�V �D�Q�G �V�\�V�W�H�P�V �U�H�F�R�P�P�H�Q�G�H�G �W�K�D�W
�S�H�R�S�O�H �V�K�R�X�O�G �D�L�P �W�R �G�R �V�R�P�H �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �H�Y�H�U�\ �G�D�\�� �U�D�W�K�H�U �W�K�D�Q �G�R�L�Q�J �D �O�R�W �R�I �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �R�Q
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�Q�R�W �H�Q�R�X�J�K �V�H�G�H�Q�W�D�U�\ �S�H�R�S�O�H�� �W�K�X�V �P�R�G�H�U�D�W�H�O�\ �D�F�W�L�Y�H �S�H�R�S�O�H �Z�H�U�H �D�O�V�R �U�H�F�U�X�L�W�H�G��

�%�D�V�H�G �R�Q �W�K�H �O�L�V�W �R�I �H�O�L�J�L�E�O�H �S�D�U�W�L�F�L�S�D�Q�W�V�� �S�H�R�S�O�H �Z�K�R �Z�H�U�H �L�Q�Y�L�W�H�G �W�R �S�D�U�W�L�F�L�S�D�W�H �Z�H�U�H �V�H�O�H�F�W�H�G �W�R
�S�U�R�G�X�F�H �D �E�D�O�D�Q�F�H�G �V�D�P�S�O�H �D�F�U�R�V�V �J�H�Q�G�H�U�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �Z�H �D�O�V�R �Z�D�Q�W�H�G �W�R �E�D�O�D�Q�F�H �W�K�H �S�D�U�W�L�F�L�S�D�Q�W�V
�E�D�V�H�G �R�Q �W�K�H�L�U �F�X�U�U�H�Q�W �V�L�W�X�D�W�L�R�Q ���W�K�H�L�U �F�R�Q�I�L�G�H�Q�F�H�� �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�� �D�Q�G �D�W�W�L�W�X�G�H���� �L�Q �R�U�G�H�U �W�R �W�U�\ �W�R
�P�D�N�H �D�O�O �S�R�V�V�L�E�O�H �V�W�D�U�W�L�Q�J �V�W�D�W�H�V �R�I �W�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q�L�Q�J �P�R�G�H�O �K�D�Y�H �D�Q �H�T�X�D�O �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V��

�&�R�Q�V�L�G�H�U�L�Q�J �W�K�H �S�R�V�V�L�E�L�O�L�W�L�H�V �I�R�U �W�K�H �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q �S�D�U�W �R�I �W�K�H �V�W�D�W�H�� �W�K�H�U�H �D�U�H ���� �S�R�V�V�L�E�O�H �V�W�D�U�W��
�L�Q�J �V�W�D�W�H�V�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �D�O�O �S�R�V�V�L�E�O�H �F�R�P�E�L�Q�D�W�L�R�Q�V �R�I �W�K�U�H�H �O�H�Y�H�O�V �I�R�U �F�R�Q�I�L�G�H�Q�F�H�� �W�Z�R �O�H�Y�H�O�V �I�R�U
�S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�� �D�Q�G �W�Z�R �O�H�Y�H�O�V �I�R�U �D�W�W�L�W�X�G�H �Z�K�L�F�K �Z�H�U�H �F�R�Q�V�L�G�H�U�H�G �L�Q�L�W�L�D�O�O�\�� �,�W �Z�D�V �Q�R�W �S�R�V�V�L�E�O�H �W�R
�R�E�W�D�L�Q �D �S�H�U�I�H�F�W�O�\ �E�D�O�D�Q�F�H�G �G�L�V�W�U�L�E�X�W�L�R�Q �D�F�U�R�V�V �V�W�D�U�W�L�Q�J �V�W�D�W�H�V �D�Q�G �W�K�H�U�H �Z�D�V �Q�R �W�L�P�H �O�H�I�W �W�R �L�Q�Y�L�W�H �Q�H�Z
�S�D�U�W�L�F�L�S�D�Q�W�V ���V�L�Q�F�H �W�K�H �G�X�U�D�W�L�R�Q �R�I �W�K�H �V�W�X�G�\ �Z�D�V �U�H�V�W�U�L�F�W�H�G �W�R �R�Q�H �Z�H�H�N���� �W�K�X�V �S�D�U�W�L�F�L�S�D�Q�W�V �Z�K�R �K�D�G �F�R�P��
�S�O�H�W�H�G �W�K�H �S�U�H���V�F�U�H�H�Q�L�Q�J �T�X�H�V�W�L�R�Q�Q�D�L�U�H �D�Q�G �Z�H�U�H �H�O�L�J�L�E�O�H �Z�H�U�H �L�Q�Y�L�W�H�G �W�R �S�D�U�W�L�F�L�S�D�W�H �L�Q �W�K�H �F�R�Q�Y�H�U�V�D�W�L�R�Q
�V�H�V�V�L�R�Q�� �U�H�J�D�U�G�O�H�V�V �R�I �V�W�D�U�W�L�Q�J �V�W�D�W�H�� �E�X�W �E�D�O�D�Q�F�H�G �D�F�F�R�U�G�L�Q�J �W�R �W�K�H�L�U �J�H�Q�G�H�U�� �7�K�H �V�W�X�G�\ �L�Q�F�O�X�G�H�G ������
�S�D�U�W�L�F�L�S�D�Q�W�V�� �D�Q�G �W�K�H�L�U �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �F�D�Q �E�H �V�H�H�Q �L�Q �7�D�E�O�H��������

�� �?�i�i�T�b�,�f�f�r�r�r�X�T�`�Q�H�B�7�B�+�X�+�Q�f
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�6�D�P�S�O�H �V�L�]�H �D�Q�G �S�R�Z�H�U
�*�X�L�G�H�O�L�Q�H�V �E�\ �&�R�K�H�Q �>���� �@ �Z�H�U�H �X�V�H�G �W�R �J�H�W �D�Q �L�Q�G�L�F�D�W�L�R�Q �I�R�U �W�K�H �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V �Q�H�H�G�H�G ���U�D�W�K�H�U
�W�K�D�Q �Q�X�P�E�H�U �R�I �S�D�U�W�L�F�L�S�D�Q�W�V���� �(�D�F�K �V�D�P�S�O�H �Z�D�V �U�H�S�U�H�V�H�Q�W�H�G �E�\ �D ���V�W�D�W�H�� �D�F�W�L�R�Q�� �Q�H�[�W �V�W�D�W�H�� �U�H�Z�D�U�G��
�W�X�S�O�H �J�D�W�K�H�U�H�G �I�U�R�P �W�K�H �F�R�Q�Y�H�U�V�D�W�L�R�Q �Z�L�W�K �-�D�P�L�H�� �$�F�F�R�U�G�L�Q�J �W�R �&�R�K�H�Q�� �I�R�U �P�X�O�W�L�S�O�H �U�H�J�U�H�V�V�L�R�Q �D�Q�D�O�\�V�L�V
�Z�L�W�K �� �L�Q�G�H�S�H�Q�G�H�Q�W �Y�D�U�L�D�E�O�H�V ���W�Z�R �R�I �W�K�H �W�K�U�H�H �Y�D�U�L�D�E�O�H�V �I�R�U �D �S�H�U�V�R�Q�¶�V �V�W�D�W�H�� �D�Q�G �R�Q�H �Y�D�U�L�D�E�O�H �I�R�U �H�D�F�K
�R�I �W�K�H �I�L�Y�H �D�F�W�L�R�Q�V���� �D �V�D�P�S�O�H �V�L�]�H �R�I ������ �L�V �Q�H�H�G�H�G �W�R �R�E�V�H�U�Y�H �D �P�H�G�L�X�P �H�I�I�H�F�W�� �I�R�U� � �������� �D�W �S�R�Z�H�U
���������� �*�L�Y�H�Q �W�K�D�W �W�K�H �Q�X�P�E�H�U �R�I �S�R�V�V�L�E�O�H �S�H�U�V�X�D�V�L�Y�H �V�W�U�D�W�H�J�L�H�V �L�V ���� �W�K�H �I�L�Q�D�O �P�L�Q�L�P�X�P �V�D�P�S�O�H �V�L�]�H �L�V
102� 5 = 510 �V�D�P�S�O�H�V �R�I ���V�W�D�W�H�� �D�F�W�L�R�Q�� �Q�H�[�W �V�W�D�W�H�� �U�H�Z�D�U�G�� �W�X�S�O�H�V�� �7�K�H �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V �J�D�W�K�H�U�H�G
�Z�D�V ��������

�7�D�E�O�H ���������3�D�U�W�L�F�L�S�D�Q�W �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �I�U�R�P �W�K�H �S�U�H���V�F�U�H�H�Q�L�Q�J �T�X�H�V�W�L�R�Q�Q�D�L�U�H

�7�R�W�D�O ����������
�$�J�H
�0�H�D�Q ����������
�6�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q ��������
�5�D�Q�J�H ����������
�*�H�Q�G�H�U
�0�D�Q ����
�:�R�P�D�Q ����
�1�R�Q���E�L�Q�D�U�\ ��
�*�R�G�L�Q���6�K�H�S�K�D�U�G �O�H�L�V�X�U�H���W�L�P�H �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �T�X�H�V�W�L�R�Q�Q�D�L�U�H �U�H�V�X�O�W�V
�,�Q�V�X�I�I�L�F�L�H�Q�W�O�\ �$�F�W�L�Y�H���6�H�G�H�Q�W�D�U�\ ����
�0�R�G�H�U�D�W�H�O�\ �$�F�W�L�Y�H ����
�7�7�0 �V�W�D�J�H �I�R�U �E�H�F�R�P�L�Q�J �P�R�U�H �S�K�\�V�L�F�D�O�O�\ �D�F�W�L�Y�H
�&�R�Q�W�H�P�S�O�D�W�L�Q�J ����
�3�U�H�S�D�U�L�Q�J ����
�$�Y�H�U�D�J�H �Q�X�P�E�H�U �R�I �S�O�D�Q�V �F�U�H�D�W�H�G �L�Q �W�K�H �S�D�V�W �W�K�U�H�H �P�R�Q�W�K�V
�3�O�D�Q�V �I�R�U �W�K�L�Q�J�V �W�K�D�W �Q�H�H�G �W�R �E�H �G�R�Q�H ��������
�3�O�D�Q�V �I�R�U �Z�D�O�N�L�Q�J ��������
�(�Q�M�R�\�P�H�Q�W �R�I �F�U�H�D�W�L�Q�J �S�O�D�Q�V
�3�O�D�Q�V �I�R�U �W�K�L�Q�J�V �W�K�D�W �Q�H�H�G �W�R �E�H �G�R�Q�H ��������
�3�O�D�Q�V �I�R�U �Z�D�O�N�L�Q�J ��������

�������������4�V�S�G�I�H�Y�V�I
�3�L�O�R�W �V�W�X�G�L�H�V
�$ �S�L�O�R�W �V�W�X�G�\ �Z�D�V �U�X�Q �E�H�I�R�U�H �W�K�H �P�D�L�Q �V�W�X�G�\ ���E�H�W�Z�H�H�Q �W�K�H ����th �D�Q�G ����th �R�I �-�X�Q�H ������������ �W�R �H�Q�V�X�U�H �W�K�D�W �D�O�O
�W�K�U�H�H �V�W�H�S�V �R�I �W�K�H �V�W�X�G�\ �Z�H�U�H �Z�R�U�N�L�Q�J �D�V �L�Q�W�H�Q�G�H�G�� �%�D�V�H�G �R�Q �W�K�H �U�H�V�X�O�W�V �R�I �W�K�L�V �S�L�O�R�W�� �E�X�J�V �Z�L�W�K �V�D�Y�L�Q�J
�V�R�P�H �R�I �W�K�H �G�D�W�D �W�R �W�K�H �G�D�W�D�E�D�V�H �Z�H�U�H �I�L�[�H�G�� �D�Q�G �W�K�H �P�H�D�V�X�U�H�V �Z�K�L�F�K �K�D�G �G�L�Y�H�U�J�L�Q�J �V�F�D�O�H�V �K�D�G �W�K�H�V�H
�V�F�D�O�H�V �D�G�M�X�V�W�H�G �W�R ������������������

�$�Q�R�W�K�H�U �S�L�O�R�W �V�W�X�G�\ �Z�D�V �U�X�Q �D�I�W�H�U�Z�D�U�G�V ���E�H�W�Z�H�H�Q �W�K�H ����th �D�Q�G ����th �R�I �-�X�Q�H ������������ �W�R �H�Q�V�X�U�H �W�K�D�W �D�O�O
�W�K�H �G�D�W�D �Z�D�V �J�D�W�K�H�U�H�G �S�U�R�S�H�U�O�\ �D�Q�G �W�K�D�W �W�K�H �Q�H�Z �V�F�D�O�H�V �S�U�R�Y�L�G�H�G �D �P�H�D�Q�L�Q�J�I�X�O �F�K�D�Q�J�H�� �7�K�H �V�H�F�R�Q�G
�S�L�O�R�W �G�L�G �Q�R�W �U�H�Y�H�D�O �D�Q�\ �P�L�V�V�H�G �E�X�J�V �R�U �H�U�U�R�U�V�� �$�V �V�X�F�K�� �W�K�H �G�D�W�D �I�U�R�P �W�K�L�V �S�L�O�R�W �Z�D�V �D�O�V�R �L�Q�F�O�X�G�H�G �L�Q
�W�K�H �D�Q�D�O�\�V�L�V�� ���� �V�D�P�S�O�H�V �I�U�R�P �I�R�X�U �S�H�R�S�O�H �Z�H�U�H �S�U�R�Y�L�G�H�G �E�\ �W�K�L�V �S�L�O�R�W�� �D�Q�G �W�K�H�V�H �D�U�H �L�Q�F�O�X�G�H�G �L�Q �W�K�H
�V�W�D�W�L�V�W�L�F�V �U�H�S�R�U�W�H�G �H�D�U�O�L�H�U�� �$�O�O �S�D�U�W�L�F�L�S�D�Q�W�V �L�Q �W�K�H �S�L�O�R�W�V �Z�H�U�H �H�[�F�O�X�G�H�G �I�U�R�P �W�K�H �P�D�L�Q �V�W�X�G�\��

�6�W�X�G�\ �G�H�V�L�J�Q
�7�K�H �V�W�X�G�\ �Z�D�V �R�E�V�H�U�Y�D�W�L�R�Q�D�O�� �D�Q�G �F�R�Q�V�L�V�W�H�G �R�I �W�K�U�H�H �V�W�H�S�V��

���� �)�L�U�V�W�� �S�D�U�W�L�F�L�S�D�Q�W�V �Z�H�U�H �L�Q�I�R�U�P�H�G �D�E�R�X�W �W�K�H �V�W�X�G�\�� �D�Q�G �I�L�O�O�H�G �R�X�W �W�K�H �S�U�H���V�F�U�H�H�Q�L�Q�J �T�X�H�V�W�L�R�Q�Q�D�L�U�H��
�Z�K�L�F�K �L�Q�F�O�X�G�H�G �D �F�R�Q�V�H�Q�W �I�R�U�P�� �7�K�H �S�U�H���V�F�U�H�H�Q�L�Q�J �D�O�V�R �J�D�W�K�H�U�H�G �G�D�W�D �D�E�R�X�W �W�K�H �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q
�L�Q �W�H�U�P�V �R�I �F�R�Q�I�L�G�H�Q�F�H �L�Q �I�R�O�O�R�Z�L�Q�J �S�O�D�Q�V�� �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �R�I �S�O�D�Q�Q�L�Q�J �D�F�W�L�Y�L�W�L�H�V�� �D�Q�G �D�W�W�L�W�X�G�H
�W�R�Z�D�U�G�V �S�O�D�Q�Q�L�Q�J�� �7�K�H �T�X�H�V�W�L�R�Q�Q�D�L�U�H �W�R�R�N �D�E�R�X�W �I�L�Y�H �P�L�Q�X�W�H�V �W�R �F�R�P�S�O�H�W�H��

���� �3�D�U�W�L�F�L�S�D�Q�W�V �Z�K�R �Z�H�U�H �H�O�L�J�L�E�O�H �W�R �S�D�U�W�L�F�L�S�D�W�H �L�Q �W�K�H �L�Q�W�H�U�D�F�W�L�R�Q �Z�H�U�H �W�K�H�Q �L�Q�Y�L�W�H�G �Z�L�W�K�L�Q �R�Q�H �G�D�\ �R�I
�F�R�P�S�O�H�W�L�Q�J �W�K�H �S�U�H���V�F�U�H�H�Q�L�Q�J�� �%�H�I�R�U�H �W�K�H �L�Q�W�H�U�D�F�W�L�R�Q�� �S�D�U�W�L�F�L�S�D�Q�W�V �Z�H�U�H �L�Q�I�R�U�P�H�G �D�E�R�X�W �W�K�H �Y�L�U�W�X�D�O
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�F�R�D�F�K �D�Q�G �W�K�H �J�R�D�O �R�I �W�K�H �L�Q�W�H�U�D�F�W�L�R�Q�� �7�K�H�\ �Z�H�U�H �W�R�O�G �W�K�D�W �W�K�H�\ �Z�R�X�O�G �K�D�Y�H �W�R �F�R�P�P�X�Q�L�F�D�W�H �Z�L�W�K
�W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �W�K�U�R�X�J�K �F�K�D�W �D�Q�G �W�K�D�W �W�K�H �S�X�U�S�R�V�H �Z�D�V �W�R �F�U�H�D�W�H �D �S�O�D�Q �I�R�U �W�D�N�L�Q�J �Z�D�O�N�V�� �$
�E�U�L�H�I �H�[�S�O�D�Q�D�W�L�R�Q �R�I �Z�K�\ �W�D�N�L�Q�J �Z�D�O�N�V �L�V �D �J�R�R�G �Z�D�\ �W�R �E�H�F�R�P�H �P�R�U�H �S�K�\�V�L�F�D�O�O�\ �D�F�W�L�Y�H �Z�D�V �D�O�V�R
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�F�U�H�G�L�E�L�O�L�W�\ �L�Q�W�H�U�Y�D�O�V �Z�H�U�H �F�R�P�S�X�W�H�G�� �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �J�X�L�G�H�O�L�Q�H�V �S�U�R�Y�L�G�H�G �E�\ �2�O�L�S�K�D�Q�W �>���� �@��

���������6�I�W�Y�P�X�W
�������������5���� �;�L�M�G�L �E�W�T�I�G�X�W �S�J �X�L�I �T�I�V�W�S�R���W �W�M�X�Y�E�X�M�S�R �E�V�I �V�I�P�I�Z�E�R�X �X�S �G�S�R�W�M�H�I�V �J�S�V �X�L�I

�h�R�E�P �Q�S�H�I�P�#
�7�R �V�H�O�H�F�W �I�H�D�W�X�U�H�V �I�R�U �W�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q�L�Q�J �P�R�G�H�O�� �W�K�H �*���D�O�J�R�U�L�W�K�P �>���� �@ �Z�D�V �X�V�H�G�� �7�K�H �D�O�J�R�U�L�W�K�P
�Z�D�V �P�R�G�L�I�L�H�G�� �W�R �D�F�F�R�P�P�R�G�D�W�H �I�H�D�W�X�U�H�V �Z�K�L�F�K �K�D�Y�H �P�R�U�H �W�K�D�Q �W�Z�R �S�R�V�V�L�E�O�H �Y�D�O�X�H�V�� �W�K�U�R�X�J�K �W�K�H �W�Z�R
�I�R�O�O�R�Z�L�Q�J �F�K�D�Q�J�H�V�� �)�L�U�V�W�� �L�Q�V�W�H�D�G �R�I �X�V�L�Q�J �D�W���W�H�V�W �W�R �J�H�W �D�S���Y�D�O�X�H �I�R�U �V�L�J�Q�L�I�L�F�D�Q�F�H�� �D�Q �D�Q�D�O�\�V�L�V �R�I
�Y�D�U�L�D�Q�F�H ���$�1�2�9�$�� �Z�D�V �X�V�H�G �W�R �R�E�W�D�L�Q �W�K�H�S���Y�D�O�X�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �S�L�F�N�L�Q�J �D �I�H�D�W�X�U�H�� �6�H�F�R�Q�G�� �Z�K�H�Q
�E�O�R�F�N�V �Z�H�U�H �V�S�O�L�W �L�Q�W�R �V�X�E���E�O�R�F�N�V �E�\ �S�L�F�N�L�Q�J �D �I�H�D�W�X�U�H�� �W�K�H �Q�H�[�W �I�H�D�W�X�U�H �S�L�F�N�H�G �Z�D�V �W�K�H �R�Q�H �W�K�D�W �Z�D�V �W�K�H
�P�R�V�W �U�H�O�H�Y�D�Q�W �D�F�U�R�V�V �D�O�O �V�X�E���E�O�R�F�N�V�� �U�D�W�K�H�U �W�K�D�Q �D �S�R�V�V�L�E�O�\ �G�L�I�I�H�U�H�Q�W �I�H�D�W�X�U�H �S�H�U �L�Q�G�L�Y�L�G�X�D�O �V�X�E���E�O�R�F�N��

�7�K�H �*���D�O�J�R�U�L�W�K�P �Z�D�V �X�V�H�G �W�R �G�H�W�H�U�P�L�Q�H �Z�K�L�F�K �S�D�U�W�V �R�I �D �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q �Z�H�U�H �U�H�O�H�Y�D�Q�W �I�R�U �W�K�H
�R�S�W�L�P�D�O �S�R�O�L�F�\ ���4���Y�D�O�X�H�V���� �4���Y�D�O�X�H�V �Z�H�U�H �X�V�H�G �W�R �S�L�F�N �Z�K�L�F�K �I�H�D�W�X�U�H�V �W�R �V�H�O�H�F�W�� �V�L�Q�F�H �W�K�H�\ �D�U�H �W�K�H �F�R�U�H
�R�I �W�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q�L�Q�J �P�R�G�H�O �D�Q�G �W�K�H �E�D�V�L�V �I�R�U �I�R�U�P�L�Q�J �W�K�H �S�R�O�L�F�L�H�V��

�$�G�G�L�W�L�R�Q�D�O�O�\�� �W�K�H �D�O�J�R�U�L�W�K�P �F�R�X�O�G �V�H�O�H�F�W �E�H�W�Z�H�H�Q �W�Z�R�� �W�K�U�H�H�� �D�Q�G �I�R�X�U �Y�D�O�X�H�V �I�R�U �H�D�F�K �R�I �W�K�H �I�H�D�W�X�U�H�V��
�)�R�U �W�K�H �F�D�V�H �Z�K�H�U�H �W�K�H �D�O�J�R�U�L�W�K�P �F�K�H�F�N�H�G �L�I �W�K�H �I�H�D�W�X�U�H �V�K�R�X�O�G �K�D�Y�H �W�Z�R �Y�D�O�X�H�V�� �W�K�H �G�D�W�D �Z�D�V �V�S�O�L�W �D�W
�W�K�H ����th �S�H�U�F�H�Q�W�L�O�H�� �U�H�V�X�O�W�L�Q�J �L�Q �W�Z�R �V�X�E�V�H�W�V ����th �W�R ����th �S�H�U�F�H�Q�W�L�O�H �D�Q�G ����th �W�R ������th �S�H�U�F�H�Q�W�L�O�H���� �Z�L�W�K
�V�L�P�L�O�D�U �V�S�O�L�W�V �D�W �W�K�H ����rd �D�Q�G ����th �S�H�U�F�H�Q�W�L�O�H�V �Z�K�H�Q �W�K�U�H�H �Y�D�O�X�H�V �Z�H�U�H �F�K�H�F�N�H�G�� �D�Q�G �V�S�O�L�W�V �D�W �W�K�H ����th ��
���� th �� �D�Q�G ����th �S�H�U�F�H�Q�W�L�O�H�V�� �Z�K�H�Q �I�R�X�U �S�R�V�V�L�E�O�H �Y�D�O�X�H�V �Z�H�U�H �F�K�H�F�N�H�G��

�2�Q�O�\ �W�Z�R �I�H�D�W�X�U�H�V �Z�H�U�H �V�H�O�H�F�W�H�G�� �V�L�Q�F�H �W�K�H �R�E�M�H�F�W�L�Y�H �Z�D�V �W�R �U�H�G�X�F�H �W�K�H �V�W�D�W�H �V�S�D�F�H �E�\ �H�O�L�P�L�Q�D�W�L�Q�J



�������� �6�I�W�Y�P�X�W ����

�R�Q�H �R�I �W�K�H �W�K�U�H�H �I�H�D�W�X�U�H�V �Z�K�L�F�K �P�D�N�H �X�S �W�K�H �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q�� �7�K�H�V�H �I�H�D�W�X�U�H�V �Z�H�U�H �F�R�Q�I�L�G�H�Q�F�H�� �Z�K�L�F�K
�Z�D�V �D�O�O�R�Z�H�G �W�R �K�D�Y�H �W�Z�R �Y�D�O�X�H�V�� �D�Q�G �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �Z�K�L�F�K �D�O�V�R �K�D�G �W�Z�R �S�R�V�V�L�E�O�H �Y�D�O�X�H�V�� �7�K�H
�S�U�R�F�H�V�V �I�R�U �V�H�O�H�F�W�L�Q�J �W�K�H �I�H�D�W�X�U�H�V �D�Q�G �Y�D�O�X�H�V �L�V �H�[�S�O�D�L�Q�H�G �L�Q �G�H�W�D�L�O �L�Q �$�S�S�H�Q�G�L�[�' ��

�1�H�[�W�� �W�K�H �G�D�W�D �Z�D�V �U�H�V�W�U�X�F�W�X�U�H�G�� �W�R �D�O�O�R�Z �W�K�H �V�W�D�W�H�V �W�R �U�H�I�O�H�F�W �W�K�H �I�H�D�W�X�U�H�V �D�Q�G �Y�D�O�X�H�V �S�L�F�N�H�G�� �,�Q �W�K�H
�I�R�O�O�R�Z�L�Q�J �T�X�H�V�W�L�R�Q�V�� �V�W�D�W�H�V �R�Q�O�\ �F�R�Q�W�D�L�Q �F�R�Q�I�L�G�H�Q�F�H �Z�L�W�K �W�Z�R �Y�D�O�X�H�V �D�Q�G �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �Z�L�W�K �W�Z�R
�Y�D�O�X�H�V �D�V �S�D�U�W �R�I �W�K�H �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q��

�������������5���� �,�S�[ �[�I�P�P �G�E�R �W�X�E�X�I�W �E�X �X�L�I �I�R�H �S�J �X�L�I �H�M�E�P�S�K�Y�I �T�V�I�H�M�G�X �X�L�I�M�V �G�S�V�V�I�W�T�S�R�H��
�M�R�K �V�I�[�E�V�H�W�#

�,�I �V�W�D�W�H�V �D�W �W�K�H �H�Q�G �R�I �W�K�H �G�L�D�O�R�J�X�H �J�L�Y�H �D�Q �D�F�F�X�U�D�W�H �S�U�H�G�L�F�W�L�R�Q �R�I �W�K�H�L�U �F�R�U�U�H�V�S�R�Q�G�L�Q�J �U�H�Z�D�U�G�� �W�K�H�Q �L�W
�P�H�D�Q�V �W�K�R�V�H �V�W�D�W�H�V �D�U�H �D �J�R�R�G �L�Q�G�L�F�D�W�L�R�Q �R�I �W�K�H �S�H�U�V�R�Q�¶�V �F�R�P�P�L�W�P�H�Q�W �W�R �W�K�H �S�O�D�Q�� �7�R �F�K�H�F�N �L�I �V�W�D�W�H�V
�F�D�Q �S�U�H�G�L�F�W �W�K�H �U�H�Z�D�U�G�V�� �Z�H �X�V�H�G �O�H�D�Y�H���R�Q�H���R�X�W �F�U�R�V�V���Y�D�O�L�G�D�W�L�R�Q�� �O�H�D�Y�L�Q�J �R�X�W �H�Q�G �V�W�D�W�H�V�� �W�R �F�K�H�F�N �K�R�Z
�Z�H�O�O �D �P�R�G�H�O �F�R�X�O�G �S�U�H�G�L�F�W �W�K�H �U�H�Z�D�U�G �R�I �W�K�H �H�Q�G �V�W�D�W�H �X�V�L�Q�J �W�Z�R �D�S�S�U�R�D�F�K�H�V��

���� �W�D�N�L�Q�J �W�K�H �P�H�D�Q �U�H�Z�D�U�G �R�I �D�O�O �H�Q�G �V�W�D�W�H�V �D�Q�G �X�V�L�Q�J �L�W �W�R �S�U�H�G�L�F�W �W�K�H �U�H�Z�D�U�G �R�I �W�K�H �O�H�I�W���R�X�W �V�D�P�S�O�H��
���� �W�D�N�L�Q�J �W�K�H �P�H�D�Q �U�H�Z�D�U�G �R�I �D�O�O �H�Q�G �V�W�D�W�H�V �W�K�D�W �Z�H�U�H �W�K�H �V�D�P�H �D�V �W�K�H �O�H�I�W���R�X�W �V�D�P�S�O�H �D�Q�G �X�V�L�Q�J �W�K�L�V

�P�H�D�Q �W�R �S�U�H�G�L�F�W �W�K�H �U�H�Z�D�U�G �R�I �W�K�H �O�H�I�W���R�X�W �V�D�P�S�O�H��

�)�R�U �E�R�W�K �R�I �W�K�H�V�H �D�S�S�U�R�D�F�K�H�V�� �W�K�H �P�H�D�Q �/�� �H�U�U�R�U �Z�D�V �F�R�P�S�X�W�H�G�� �7�K�H �D�S�S�U�R�D�F�K �Z�L�W�K �W�K�H �O�R�Z�H�U �H�U�U�R�U
�Z�D�V �F�R�Q�V�L�G�H�U�H�G �W�R �E�H �E�H�W�W�H�U �I�R�U �S�U�H�G�L�F�W�L�Q�J �W�K�H �U�H�Z�D�U�G�� �V�L�Q�F�H �D �O�R�Z�H�U �H�U�U�R�U �P�H�D�Q�V �D �E�H�W�W�H�U �S�U�H�G�L�F�W�L�R�Q��
�$�G�G�L�W�L�R�Q�D�O�O�\�� �I�R�U �H�D�F�K �V�W�D�W�H�� �W�K�H �P�H�D�Q �U�H�Z�D�U�G �D�W �W�K�H �H�Q�G �R�I �W�K�H �G�L�D�O�R�J�X�H �L�V �F�R�P�S�X�W�H�G�� �7�K�H �U�H�V�X�O�W�V �I�R�U
�W�K�L�V �T�X�H�V�W�L�R�Q �F�D�Q �E�H �V�H�H�Q �L�Q �)�L�J�X�U�H�������� �Z�K�H�U�H �R�Q�O�\ �W�K�H �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q �L�V �G�L�V�S�O�D�\�H�G �I�R�U �H�D�F�K �V�W�D�W�H��
�7�K�H �E�D�U�V �V�K�R�Z �W�K�H �P�H�D�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �R�I �W�K�H �S�U�H�G�L�F�W�L�R�Q �E�H�L�Q�J �F�R�U�U�H�F�W�� �Z�K�L�O�H �W�K�H �E�O�D�F�N �O�L�Q�H�V �U�H�S�U�H�V�H�Q�W
�W�K�H ������ �F�U�H�G�L�E�L�O�L�W�\ �L�Q�W�H�U�Y�D�O�V�� �7�K�H �V�R�O�L�G �O�L�Q�H �L�V �W�K�H �P�H�D�Q �U�H�Z�D�U�G �R�Y�H�U �D�O�O �R�I �W�K�H �H�Q�G �V�W�D�W�H�V�� �Z�K�L�O�H �W�K�H
�G�D�V�K�H�G �O�L�Q�H �L�V �W�K�H �P�H�D�Q �U�H�Z�D�U�G �R�I �W�K�H �H�Q�G �V�W�D�W�H�V �S�H�U �V�W�D�W�H�� �,�Q �W�H�U�P�V �R�I �P�H�D�Q �U�H�Z�D�U�G�V�� �W�K�H �V�W�D�W�H �>�¶���¶��
�¶���¶�@�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �O�R�Z �F�R�Q�I�L�G�H�Q�F�H �D�Q�G �O�R�Z �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �K�D�G �W�K�H �O�R�Z�H�V�W �U�H�Z�D�U�G �D�W �W�K�H �H�Q�G �R�I
�W�K�H �G�L�D�O�R�J�X�H�� �Z�K�L�O�H �W�K�H �V�D�W�H �>�¶���¶�� �¶���¶�@�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �K�L�J�K �F�R�Q�I�L�G�H�Q�F�H �D�Q�G �K�L�J�K �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V
�L�V �W�K�H �R�Q�H �Z�L�W�K �W�K�H �K�L�J�K�H�V�W �U�H�Z�D�U�G�� �7�K�H �V�W�D�W�H �>�¶���¶�� �¶���¶�@ �D�O�V�R �K�D�V �D �U�H�Z�D�U�G �W�K�D�W �L�V �D�E�R�Y�H �W�K�H �R�Y�H�U�D�O�O �P�H�D�Q��
�V�R �K�L�J�K �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �V�H�H�P�V �W�R �F�R�U�U�H�V�S�R�Q�G �W�R �D �K�L�J�K �U�H�Z�D�U�G��

�)�L�J�X�U�H ���������7�K�H �P�H�D�Q �/�� �H�U�U�R�U�V �I�R�U �W�K�H �W�Z�R �D�S�S�U�R�D�F�K�H�V �D�Q�G �W�K�H �P�H�D�Q �U�H�Z�D�U�G�V �S�H�U �V�W�D�W�H�� �6�W�D�W�H�V �D�U�H �R�I �W�K�H �I�R�U�P �>�¶�F�R�Q�I�L�G�H�Q�F�H�¶��
�¶�S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�¶�@�� �)�R�U �E�R�W�K �F�R�Q�I�L�G�H�Q�F�H �D�Q�G �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�� �¶���¶ �P�H�D�Q�V �O�R�Z �F�R�Q�I�L�G�H�Q�F�H �R�U �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V��

�Z�K�L�O�H �¶���¶ �P�H�D�Q�V �K�L�J�K �F�R�Q�I�L�G�H�Q�F�H �R�U �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�� �7�K�H �D�[�L�V �R�Q �W�K�H �O�H�I�W �V�K�R�Z�V �W�K�H �P�H�D�Q �/�� �H�U�U�R�U�� �Z�K�L�O�H �W�K�H �D�[�L�V �R�Q �W�K�H
�U�L�J�K�W �V�K�R�Z�V �W�K�H �P�H�D�Q �U�H�Z�D�U�G��

�)�U�R�P �W�K�H �P�H�D�Q�V �Z�K�L�F�K �R�Y�H�U�O�D�S �W�K�H �F�U�H�G�L�E�L�O�L�W�\ �L�Q�W�H�U�Y�D�O�V�� �L�W �L�V �Q�R�W�L�F�H�D�E�O�H �W�K�D�W �W�K�H �W�Z�R �D�S�S�U�R�D�F�K�H�V �J�L�Y�H
�V�L�P�L�O�D�U �U�H�V�X�O�W�V�� �H�[�F�H�S�W �I�R�U �W�K�H �V�W�D�W�H �>�¶���¶�� �¶���¶�@�� �7�K�L�V �L�V �O�L�N�H�O�\ �G�X�H �W�R �W�K�H �I�D�F�W �W�K�D�W �W�K�L�V �V�W�D�W�H�¶�V �U�H�Z�D�U�G �L�V �I�D�U
�I�U�R�P �W�K�H �P�H�D�Q �U�H�Z�D�U�G �R�I �D�O�O �W�K�H �V�W�D�W�H�V�� �Z�K�L�F�K �P�H�D�Q�V �W�K�D�W �S�U�H�G�L�F�W�L�Q�J �W�K�D�W �L�W�V �U�H�Z�D�U�G�V �D�U�H �H�T�X�D�O �W�R �W�K�H



�������� �6�I�W�Y�P�X�W ����

�P�H�D�Q �U�H�Z�D�U�G �R�I �D�O�O �V�W�D�W�H�V �S�H�U�I�R�U�P�V �Z�R�U�V�H �W�K�D�Q �I�R�U �W�K�H �R�W�K�H�U �V�W�D�W�H�V�� �,�W �L�V �V�R�P�H�W�L�P�H�V �W�K�H �F�D�V�H �W�K�D�W �W�K�H�U�H
�D�U�H �R�Q�O�\ �D �I�H�Z �V�D�P�S�O�H�V �Z�K�L�F�K �D�U�H �W�K�H �V�D�P�H �D�V �W�K�H �V�W�D�W�H �W�K�D�W �L�V �O�H�I�W �R�X�W�� �F�D�X�V�L�Q�J �V�R�P�H �H�U�U�R�U �E�D�U�V �W�R �K�D�Y�H
�O�D�U�J�H ������ �F�U�H�G�L�E�L�O�L�W�\ �L�Q�W�H�U�Y�D�O�V��

�������������5���� �,�S�[ �[�I�P�P �G�E�R �W�X�E�X�I�W �F�E�W�I�H �S�R �X�L�I �T�I�V�W�S�R���W �W�M�X�Y�E�X�M�S�R �T�V�I�H�M�G�X �W�X�E�X�I�W �E�J�X�I�V
�E �T�I�V�W�Y�E�W�M�Z�I �W�X�V�E�X�I�K�] �Y�W�I�H �F�] �X�L�I �G�S�R�Z�I�V�W�E�X�M�S�R�E�P �E�K�I�R�X�#

�%�H�L�Q�J �D�E�O�H �W�R �S�U�H�G�L�F�W �V�W�D�W�H�V �D�I�W�H�U �D �S�H�U�V�X�D�V�L�Y�H �D�W�W�H�P�S�W �F�R�X�O�G �J�L�Y�H �D�Q �L�Q�G�L�F�D�W�L�R�Q �R�I �Z�K�H�W�K�H�U �R�U �Q�R�W �W�K�H
�G�L�D�O�R�J�X�H �L�V �S�U�R�J�U�H�V�V�L�Q�J �W�R�Z�D�U�G�V �D �V�W�D�W�H �L�Q �Z�K�L�F�K �W�K�H �S�H�U�V�R�Q �L�V �O�L�N�H�O�\ �W�R �F�R�P�P�L�W �W�R �W�K�H �S�O�D�Q�� �)�R�U �W�K�L�V
�T�X�H�V�W�L�R�Q�� �O�H�D�Y�H���R�Q�H���R�X�W �F�U�R�V�V���Y�D�O�L�G�D�W�L�R�Q �Z�D�V �X�V�H�G�� �O�H�D�Y�L�Q�J �R�X�W �D�O�O �V�D�P�S�O�H�V �I�U�R�P �W�K�H �V�D�P�H �S�H�U�V�R�Q �Z�K�H�Q
�F�R�P�S�X�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�V ���V�L�Q�F�H �W�K�H�V�H �V�D�P�S�O�H�V �D�U�H �Q�R�W �L�Q�G�H�S�H�Q�G�H�Q�W �I�U�R�P �H�D�F�K �R�W�K�H�U���� �W�R �F�R�P�S�D�U�H��

���� �S�U�H�G�L�F�W�L�Q�J �W�K�H �Q�H�[�W �V�W�D�W�H �X�V�L�Q�J �W�K�H �W�U�D�Q�V�L�W�L�R�Q �I�X�Q�F�W�L�R�Q �O�H�D�U�Q�H�G �I�U�R�P �W�K�H �W�U�D�L�Q�L�Q�J �G�D�W�D��
���� �S�U�H�G�L�F�W�L�Q�J �W�K�D�W �W�K�H �Q�H�[�W �V�W�D�W�H �V�W�D�\�V �W�K�H �V�D�P�H��
���� �S�U�H�G�L�F�W�L�Q�J �W�K�H �Q�H�[�W �V�W�D�W�H �Z�K�L�O�H �K�D�Y�L�Q�J �D�Q �H�T�X�D�O �S�U�R�E�D�E�L�O�L�W�\ �I�R�U �H�D�F�K �Q�H�[�W �V�W�D�W�H��

�7�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �P�R�Y�L�Q�J �W�R �W�K�H �Q�H�[�W �V�W�D�W�H �Z�D�V �X�V�H�G �W�R �F�R�P�S�D�U�H �W�K�H �D�S�S�U�R�D�F�K�H�V�� �$ �K�L�J�K�H�U �S�U�R�E�D�E�L�O�L�W�\
�P�H�D�Q�V �W�K�H �S�U�H�G�L�F�W�L�R�Q �Z�D�V �E�H�W�W�H�U �I�R�U �W�K�D�W �D�S�S�U�R�D�F�K�� �7�K�H �U�H�V�X�O�W�V �I�R�U �W�K�L�V �T�X�H�V�W�L�R�Q �F�D�Q �E�H �V�H�H�Q �L�Q �)�L�J�X�U�H
�������� �7�K�H �E�D�U�V �V�K�R�Z �W�K�H �P�H�D�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �R�I �W�K�H �S�U�H�G�L�F�W�L�R�Q �E�H�L�Q�J �F�R�U�U�H�F�W�� �Z�K�L�O�H �W�K�H �E�O�D�F�N �O�L�Q�H�V �U�H�S�U�H�V�H�Q�W
�W�K�H ������ �F�U�H�G�L�E�L�O�L�W�\ �L�Q�W�H�U�Y�D�O�V�� �,�Q �D�O�O �R�I �W�K�H �F�D�V�H�V�� �S�U�H�G�L�F�W�L�Q�J �W�K�D�W �W�K�H �V�W�D�W�H �V�W�D�\�V �W�K�H �V�D�P�H �K�D�V �W�K�H �K�L�J�K�H�V�W
�S�U�R�E�D�E�L�O�L�W�\ �R�I �E�H�L�Q�J �F�R�U�U�H�F�W�� �$�O�O �P�H�D�Q�V �R�I �D�Q �D�S�S�U�R�D�F�K �D�U�H �R�X�W�V�L�G�H �R�I �W�K�H �F�U�H�G�L�E�L�O�L�W�\ �L�Q�W�H�U�Y�D�O �R�I �W�K�H �R�W�K�H�U
�D�S�S�U�R�D�F�K�H�V�� �*�L�Y�L�Q�J �D�Q �H�T�X�D�O �S�U�R�E�D�E�L�O�L�W�\ �W�R �H�D�F�K �Q�H�[�W �V�W�D�W�H �L�V �R�X�W�S�H�U�I�R�U�P�H�G �L�Q �D�O�O �F�D�V�H�V�� �V�K�R�Z�L�Q�J �W�K�D�W
�H�L�W�K�H�U �X�V�L�Q�J �W�K�H �W�U�D�Q�V�L�W�L�R�Q �I�X�Q�F�W�L�R�Q �R�U �S�U�H�G�L�F�W�L�Q�J �W�K�D�W �W�K�H �V�W�D�W�H �V�W�D�\�V �W�K�H �V�D�P�H �L�V �P�X�F�K �P�R�U�H �O�L�N�H�O�\ �W�R
�U�H�V�X�O�W �L�Q �D �F�R�U�U�H�F�W �S�U�H�G�L�F�W�L�R�Q�� �E�R�W�K �R�I �Z�K�L�F�K �D�U�H �F�R�U�U�H�F�W �P�R�U�H �W�K�D�Q ������ �R�I �W�K�H �W�L�P�H��

�)�L�J�X�U�H ���������7�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �F�R�U�U�H�F�W�O�\ �S�U�H�G�L�F�W�L�Q�J �W�K�H �Q�H�[�W �V�W�D�W�H �E�D�V�H�G �R�Q �W�K�H �F�X�U�U�H�Q�W �V�W�D�W�H �I�R�U �H�D�F�K �R�I �W�K�H �W�K�U�H�H �D�S�S�U�R�D�F�K�H�V��
�6�W�D�W�H�V �D�U�H �R�I �W�K�H �I�R�U�P �>�¶�F�R�Q�I�L�G�H�Q�F�H�¶�� �¶�S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�¶�@

�������������5���� �;�L�E�X �M�W �X�L�I �S�T�X�M�Q�E�P �Q�S�H�I�P �J�S�V �T�I�V�W�Y�E�H�M�R�K �T�I�S�T�P�I �X�S �J�S�P�P�S�[ �T�P�E�R�W �J�S�V
�[�E�P�O�M�R�K�#

�)�U�R�P �4���� �L�W �Z�D�V �G�H�W�H�U�P�L�Q�H�G �W�K�D�W �W�K�H �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q �Z�R�X�O�G �E�H �F�R�P�S�R�V�H�G �R�Q �F�R�Q�I�L�G�H�Q�F�H �Z�L�W�K �W�Z�R
�Y�D�O�X�H�V �D�Q�G �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �Z�L�W�K �W�Z�R �Y�D�O�X�H�V �L�Q �W�K�H �I�L�Q�D�O �P�R�G�H�O��

�7�K�H �R�S�W�L�P�D�O �S�R�O�L�F�\ �Z�D�V �F�R�P�S�X�W�H�G �Y�L�D �Y�D�O�X�H �L�W�H�U�D�W�L�R�Q�� �D�Q�G �L�V �S�U�H�V�H�Q�W�H�G �L�Q �L�W�V �H�Q�W�L�U�H�W�\ �L�Q �$�S�S�H�Q�G�L�[�(��
�:�K�L�O�H �W�K�H �I�L�U�V�W �F�K�D�Q�J�H �W�R �W�K�H �S�O�D�Q �K�D�S�S�H�Q�V �H�D�U�O�\ �R�Q �G�X�U�L�Q�J �W�K�H �G�L�V�F�X�V�V�L�R�Q�� �W�K�H �V�H�F�R�Q�G �R�Q�H �L�V �X�V�X�D�O�O�\
�U�H�V�H�U�Y�H�G �I�R�U �W�K�H �I�L�I�W�K �W�L�P�H �V�W�H�S�� �R�U �V�R�P�H�W�L�P�H�V �W�K�H �V�L�[�W�K �W�L�P�H �V�W�H�S�� �E�X�W �Q�H�Y�H�U �H�D�U�O�L�H�U �W�K�D�Q �W�K�D�W�� �7�K�L�V �P�L�J�K�W
�L�Q�G�L�F�D�W�H �W�K�D�W �R�Q�H �F�K�D�Q�J�H �D�W �W�K�H �E�H�J�L�Q�Q�L�Q�J �O�H�W�V �S�H�R�S�O�H �I�D�P�L�O�L�D�U�L�V�H �W�K�H�P�V�H�O�Y�H�V �Z�L�W�K �W�K�H �S�O�D�Q�� �D�Q�G �D�I�W�H�U
�J�R�L�Q�J �W�K�U�R�X�J�K �W�K�H �G�L�D�O�R�J�X�H �D�Q�G �O�H�D�U�Q�L�Q�J �P�R�U�H �D�E�R�X�W �S�R�V�V�L�E�O�H �E�D�U�U�L�H�U�V �R�U �V�W�U�D�W�H�J�L�H�V �I�R�U �D�F�F�R�P�S�O�L�V�K�L�Q�J
�S�O�D�Q�V�� �D �V�H�F�R�Q�G �R�S�S�R�U�W�X�Q�L�W�\ �W�R �F�K�D�Q�J�H �L�V �R�S�W�L�P�D�O��
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�$�G�G�L�W�L�R�Q�D�O�O�\�� �W�K�H�U�H �D�U�H �V�W�D�W�H�V �I�R�U �Z�K�L�F�K �W�K�H �E�H�V�W �S�R�O�L�F�\ �L�V �W�R �S�L�F�N�� �Z�L�W�K �H�T�X�D�O �S�U�R�E�D�E�L�O�L�W�\�� �D �S�H�U�V�X�D�V�L�Y�H
�V�W�U�D�W�H�J�\ �I�U�R�P �W�K�H �R�Q�H�V �Z�K�L�F�K �D�U�H �S�R�V�V�L�E�O�H �L�Q �W�K�D�W �V�S�H�F�L�I�L�F �V�W�D�W�H�� �7�K�L�V �L�V �F�D�X�V�H�G �E�\ �W�K�H �I�D�F�W �W�K�D�W �W�K�H�U�H
�D�U�H �V�W�D�W�H�V �I�R�U �Z�K�L�F�K �W�K�H�U�H �L�V �O�L�W�W�O�H �G�D�W�D�� �V�R �Q�R �E�H�V�W �D�F�W�L�R�Q �F�D�Q �E�H �S�L�F�N�H�G �I�R�U �W�K�R�V�H �V�W�D�W�H�V�� �,�Q �$�S�S�H�Q�G�L�[
�&�� �D �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �K�R�Z �P�D�Q�\ �W�L�P�H�V �H�D�F�K �D�F�W�L�R�Q �Z�D�V �G�R�Q�H �L�Q �H�D�F�K �R�I �W�K�H �V�W�D�W�H�V �L�V �V�K�R�Z�Q��

�������������5���� �;�L�E�X �M�W �X�L�I �I�J�J�I�G�X �S�J ���Q�Y�P�X�M�T�P�I� �S�T�X�M�Q�E�P �T�I�V�W�Y�E�W�M�Z�I �W�X�V�E�X�I�K�M�I�W �S�R �T�I�V��
�W�Y�E�H�I�I�W�9 �W�X�E�X�I�W�#

�,�G�H�D�O�O�\�� �Z�H �Z�D�Q�W �P�X�O�W�L�S�O�H �V�X�F�F�H�V�V�L�Y�H �S�H�U�V�X�D�V�L�Y�H �V�W�U�D�W�H�J�L�H�V �W�R �F�K�D�Q�J�H �D �S�H�U�V�R�Q�¶�V �V�W�D�W�H �W�R �W�K�H �R�Q�H �Z�L�W�K
�K�L�J�K �F�R�Q�I�L�G�H�Q�F�H �D�Q�G �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�� �V�L�Q�F�H �W�K�H�Q �W�K�H�\ �P�L�J�K�W �E�H �P�R�U�H �O�L�N�H�O�\ �F�R�P�P�L�W �W�R �I�R�O�O�R�Z�L�Q�J
�W�K�H �S�O�D�Q��

�$ �V�L�P�X�O�D�W�L�R�Q �R�I �K�R�Z �S�H�R�S�O�H �Z�R�X�O�G �W�U�D�Q�V�L�W�L�R�Q �E�H�W�Z�H�H�Q �V�W�D�W�H�V �Z�D�V �U�X�Q�� �I�R�O�O�R�Z�L�Q�J �W�K�H �R�S�W�L�P�D�O �S�R�O�L�F�\
�I�U�R�P �4�� �D�Q�G �W�K�H �W�U�D�Q�V�L�W�L�R�Q �I�X�Q�F�W�L�R�Q �O�H�D�U�Q�H�G �I�U�R�P �W�K�H �G�D�W�D�� �7�K�H �V�L�P�X�O�D�W�L�R�Q �V�W�D�U�W�H�G �Z�L�W�K �D �X�Q�L�I�R�U�P �G�L�V�W�U�L��
�E�X�W�L�R�Q �R�I ������ �S�H�R�S�O�H �L�Q �H�D�F�K �R�I �W�K�H �I�R�X�U �S�R�V�V�L�E�O�H �V�W�D�U�W�L�Q�J �V�W�D�W�H�V�� �$�W �H�D�F�K �W�L�P�H �V�W�H�S�� �W�K�H �E�H�V�W �D�F�W�L�R�Q �I�R�U
�D �V�S�H�F�L�I�L�F �V�W�D�W�H �Z�D�V �V�H�O�H�F�W�H�G�� �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �R�S�W�L�P�D�O �S�R�O�L�F�\�� �7�K�H�Q�� �E�\ �X�V�L�Q�J �W�K�H �W�U�D�Q�V�L�W�L�R�Q �I�X�Q�F�W�L�R�Q��
�S�H�R�S�O�H �W�U�D�Q�V�L�W�L�R�Q�H�G �W�R �D �Q�H�Z �V�W�D�W�H �D�Q�G �W�K�H�Q �W�K�H �V�L�P�X�O�D�W�L�R�Q �F�R�Q�W�L�Q�X�H�G �I�R�U �W�K�H �I�R�O�O�R�Z�L�Q�J �W�L�P�H �V�W�H�S�� �7�K�H
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�L�Q �)�L�J�X�U�H�V������ �D�Q�G�������� �7�K�H �V�L�P�X�O�D�W�L�R�Q�V �V�H�H�P �W�R �L�Q�G�L�F�D�W�H �W�K�D�W �W�K�H �W�K�U�H�H �S�R�O�L�F�L�H�V �D�U�H �V�L�P�L�O�D�U �W�R �H�D�F�K
�R�W�K�H�U �L�Q �W�H�U�P�V �R�I �K�R�Z �S�H�R�S�O�H �W�U�D�Q�V�L�W�L�R�Q �I�U�R�P �R�Q�H �V�W�D�W�H �W�R �D�Q�R�W�K�H�U�� �G�H�V�S�L�W�H �W�K�H �K�L�J�K �S�U�R�E�D�E�L�O�L�W�\ �R�I �D
�V�W�D�W�H �U�H�P�D�L�Q�L�Q�J �W�K�H �V�D�P�H�� �R�Y�H�U �P�X�O�W�L�S�O�H �D�F�W�L�R�Q�V�� �P�R�U�H �W�K�D�Q ������ �R�I �S�H�R�S�O�H �W�U�D�Q�V�L�W�L�R�Q �W�R �W�K�H �V�W�D�W�H �Z�L�W�K
�K�L�J�K �F�R�Q�I�L�G�H�Q�F�H �D�Q�G �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �D�I�W�H�U �V�L�[ �S�H�U�V�X�D�V�L�Y�H �V�W�U�D�W�H�J�L�H�V �D�U�H �X�V�H�G�� �1�2�B�6 �D�O�V�R �W�D�N�H�V
�� �D�F�W�L�R�Q�V �R�Q �D�Y�H�U�D�J�H �W�R �W�U�D�Q�V�L�W�L�R�Q �S�H�R�S�O�H �W�R �W�K�H �V�W�D�W�H �Z�L�W�K �K�L�J�K �F�R�Q�I�L�G�H�Q�F�H �D�Q�G �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V��
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�)�L�J�X�U�H ���������7�K�H �G�L�V�W�U�L�E�X�W�L�R�Q �D�F�U�R�V�V �V�W�D�W�H�V �D�I�W�H�U �� �W�L�P�H �V�W�H�S�V �I�R�U �W�K�H �Z�R�U�V�W �S�R�O�L�F�\�� �6�W�D�W�H�V �D�U�H �R�I �W�K�H �I�R�U�P �>�¶�F�R�Q�I�L�G�H�Q�F�H�¶�� �¶�S�H�U�F�H�L�Y�H�G
�X�V�H�I�X�O�Q�H�V�V�¶�@��
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�U�X�Q �I�R�U �D�O�O �W�K�U�H�H �S�R�O�L�F�L�H�V�� �7�K�H �G�L�I�I�H�U�H�Q�F�H �Z�D�V �W�K�D�W�� �L�Q�V�W�H�D�G �R�I �V�W�D�U�W�L�Q�J �W�K�H �V�L�P�X�O�D�W�L�R�Q �Z�L�W�K ������ �S�H�R�S�O�H �L�Q
�H�D�F�K �V�W�D�U�W�L�Q�J �V�W�D�W�H�� �W�K�L�V �Q�X�P�E�H�U �Z�D�V �V�H�W �W�R �W�K�H �Q�X�P�E�H�U �R�I �V�D�P�S�O�H�V �D�Y�D�L�O�D�E�O�H �S�H�U �V�W�D�W�H�� �)�R�U �H�[�D�P�S�O�H�� �L�I
�W�K�H�U�H �Z�H�U�H �� �V�D�P�S�O�H�V �R�I �S�H�R�S�O�H �V�W�D�U�W�L�Q�J �L�Q �V�W�D�W�H �>���� �¶���¶�� �¶���¶�� �)�D�O�V�H�� �)�D�O�V�H�� �)�D�O�V�H�� �)�D�O�V�H�@ ���Z�K�H�U�H �W�K�H �I�L�U�V�W
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�������������;�L�E�X �E�V�I �J�E�G�X�S�V�W�� �Z�E�P�Y�I�W�� �E�R�H �G�S�R�G�I�V�R�W �X�L�E�X �R�I�I�H �X�S �F�I �G�S�R�W�M�H�I�V�I�H �M�R �E �H�M�E��
�P�S�K�Y�I �X�L�E�X �J�E�G�M�P�M�X�E�X�I�W �K�S�E�P �W�I�X�X�M�R�K �E�R�H �H�]�E�H�M�G �T�P�E�R�R�M�R�K �[�M�X�L �E �Y�W�I�V�#

�7�R �D�Q�V�Z�H�U �W�K�L�V �T�X�H�V�W�L�R�Q�� �O�L�W�H�U�D�W�X�U�H �D�Q�G �H�[�S�H�U�W�V �Z�H�U�H �F�R�Q�V�X�O�W�H�G�� �U�H�V�X�O�W�L�Q�J �L�Q �D �O�L�V�W �R�I �I�D�F�W�R�U�V�� �Y�D�O�X�H�V�� �D�Q�G
�F�R�Q�F�H�U�Q�V �I�R�U �G�L�D�O�R�J�X�H�V �Z�K�L�F�K �D�L�P �W�R �G�H�Y�H�O�R�S �D �G�\�D�G�L�F �S�O�D�Q��

�6�W�D�U�W�L�Q�J �I�U�R�P �W�K�H �W�K�H�R�U�\ �R�I �V�H�W�W�L�Q�J �J�R�D�O�V�� �Z�H �I�R�X�Q�G �W�K�D�W �S�O�D�Q�V �F�D�Q �K�H�O�S �S�H�R�S�O�H �F�R�P�P�L�W �W�R �W�K�H�L�U �J�R�D�O�V
�D�Q�G �W�K�D�W �G�\�D�G�L�F �S�O�D�Q�V �D�U�H �P�R�U�H �H�I�I�H�F�W�L�Y�H �D�W �G�R�L�Q�J �V�R �W�K�D�Q �L�Q�G�L�Y�L�G�X�D�O �S�O�D�Q�V�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �W�K�H �J�R�D�O�V �V�K�R�X�O�G
�E�H �S�H�U�V�R�Q�D�O�L�V�H�G �W�R �W�K�H �S�H�U�V�R�Q �D�Q�G�� �V�L�Q�F�H �W�K�H �S�H�R�S�O�H �L�Q �R�X�U �V�W�X�G�\ �D�U�H �L�Q�D�F�W�L�Y�H�� �W�K�H �P�R�V�W �D�S�S�U�R�S�U�L�D�W�H �W�\�S�H�V
�R�I �J�R�D�O�V �D�U�H �Z�D�O�N�L�Q�J �J�R�D�O�V�� �6�L�Q�F�H �W�K�H �G�L�D�O�R�J�X�H �V�K�R�X�O�G �P�D�N�H �S�H�R�S�O�H �F�R�P�P�L�W �W�R �G�R�L�Q�J �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\
�D�F�F�R�U�G�L�Q�J �W�R �W�K�H �S�O�D�Q�� �D�F�W�L�R�Q �D�Q�G �F�R�S�L�Q�J �S�O�D�Q�Q�L�Q�J �D�U�H �S�R�Z�H�U�I�X�O �W�R�R�O�V �Z�K�L�F�K �F�D�Q �K�H�O�S �J�X�L�G�H �S�H�R�S�O�H
�W�R�Z�D�U�G�V �W�K�H�L�U �J�R�D�O�V��

�:�K�H�Q �F�U�H�D�W�L�Q�J �D �S�O�D�Q�� �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�K�D�W �S�H�R�S�O�H �D�U�H �J�L�Y�H�Q �W�K�H �D�E�L�O�L�W�\ �W�R �F�U�H�D�W�H �W�K�H �S�O�D�Q �W�K�H�P�V�H�O�Y�H�V��
�U�D�W�K�H�U �W�K�D�Q �E�H �D�V�V�L�J�Q�H�G �D �S�O�D�Q�� �&�U�H�D�W�L�Q�J �W�K�H �S�O�D�Q �W�K�H�P�V�H�O�Y�H�V �F�D�Q �D�O�V�R �K�H�O�S �W�K�H�P �U�H�P�H�P�E�H�U �D�Q�G �H�Q�D�F�W
�W�K�H �E�H�K�D�Y�L�R�X�U �G�H�I�L�Q�H�G �L�Q �W�K�H �S�O�D�Q�� �W�K�X�V �P�D�N�L�Q�J �S�U�R�J�U�H�V�V �W�R�Z�D�U�G�V �W�K�H�L�U �J�R�D�O�� �+�R�Z�H�Y�H�U�� �S�H�R�S�O�H �V�K�R�X�O�G
�D�O�V�R �E�H �J�X�L�G�H�G �W�K�U�R�X�J�K �W�K�H �S�U�R�F�H�V�V�� �V�L�Q�F�H �W�K�H�\ �P�L�J�K�W �E�H �R�Y�H�U�F�R�Q�I�L�G�H�Q�W �L�Q �W�K�H�L�U �D�E�L�O�L�W�L�H�V �L�I �W�K�H�\ �G�R �Q�R�W
�K�D�Y�H �P�X�F�K �H�[�S�H�U�L�H�Q�F�H �Z�L�W�K �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �R�U �P�L�J�K�W �X�Q�G�H�U�H�V�W�L�P�D�W�H �K�R�Z �P�X�F�K �W�L�P�H �L�W �W�D�N�H�V �W�R �G�R �D�Q
�D�F�W�L�Y�L�W�\�� �$�V �V�X�F�K�� �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �V�K�R�X�O�G �E�H �D�E�O�H �W�R �S�U�R�Y�L�G�H �D�V�V�L�V�W�D�Q�F�H �D�Q�G �U�H�O�H�Y�D�Q�W �L�Q�I�R�U�P�D�W�L�R�Q �I�R�U
�F�U�H�D�W�L�Q�J �S�O�D�Q�V�� �7�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �V�K�R�X�O�G �D�V�N �S�H�R�S�O�H �D�E�R�X�W �U�R�X�W�L�Q�H�V�� �D�Q�W�L�F�L�S�D�W�H�G �H�Q�H�U�J�\ �O�H�Y�H�O�V�� �D�Q�G �S�D�V�W
�H�[�S�H�U�L�H�Q�F�H �Z�L�W�K �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\ �W�R �K�H�O�S �W�K�H�P �F�U�H�D�W�H �D �S�O�D�Q�� �D�Q�G �F�R�P�S�L�O�H �W�K�L�V �L�Q�I�R�U�P�D�W�L�R�Q �L�Q�W�R �D �S�O�D�Q
�W�K�D�W �L�V �H�D�V�\ �W�R �L�Q�W�H�U�S�U�H�W �D�Q�G �W�K�D�W �G�R�H�V �Q�R�W �V�W�U�H�W�F�K �W�R�R �I�D�U �R�X�W �L�Q�W�R �W�K�H �I�X�W�X�U�H�� �V�L�Q�F�H �S�O�D�Q�Q�L�Q�J �W�R�R �I�D�U �L�Q�W�R
�W�K�H �I�X�W�X�U�H �L�V �G�L�I�I�L�F�X�O�W �D�Q�G �F�D�Q �E�H �R�Y�H�U�Z�K�H�O�P�L�Q�J�� �$�G�D�S�W�L�Q�J �W�R �W�K�H �S�H�U�V�R�Q �Z�D�V �I�R�X�Q�G �X�V�H�I�X�O �L�Q �F�K�D�Q�J�L�Q�J
�S�H�R�S�O�H�¶�V �E�H�K�D�Y�L�R�X�U�� �D�Q�G �D �Y�L�D�E�O�H �W�H�F�K�Q�L�T�X�H �I�R�U �G�R�L�Q�J �V�R �L�V �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q�L�Q�J��

�������������,�S�[ �G�E�R �E �H�M�E�P�S�K�Y�I �J�S�V �H�]�E�H�M�G �T�P�E�R�R�M�R�K �[�M�X�L �E �Z�M�V�X�Y�E�P �G�S�E�G�L �F�I �H�I�W�M�K�R�I�H�#
�:�H �L�G�H�Q�W�L�I�L�H�G �W�Z�R �P�D�M�R�U �J�R�D�O�V �W�K�D�W �D �G�L�D�O�R�J�X�H �I�R�U �G�\�D�G�L�F �S�O�D�Q�Q�L�Q�J �V�K�R�X�O�G �K�D�Y�H�� �S�O�D�Q �F�U�H�D�W�L�R�Q �D�Q�G �S�O�D�Q
�F�R�P�P�L�W�P�H�Q�W��

�)�R�U �S�O�D�Q �F�U�H�D�W�L�R�Q�� �D�V�S�H�F�W�V �V�X�F�K �D�V �U�R�X�W�L�Q�H�V �D�Q�G �H�Q�H�U�J�\ �O�H�Y�H�O�V �Z�H�U�H �I�R�X�Q�G �W�R �E�H �U�H�O�H�Y�D�Q�W �I�R�U �F�U�H�D�W�L�Q�J
�S�O�D�Q�V �W�K�D�W �S�H�R�S�O�H �F�R�P�P�L�W �W�R�� �7�K�X�V�� �S�D�U�W �R�I �W�K�H �G�L�D�O�R�J�X�H �L�Q�F�O�X�G�H�G �D�V�N�L�Q�J �S�H�R�S�O�H �Z�K�H�Q �W�K�H�\ �D�U�H �I�U�H�H �D�Q�G

����



�������� �'�S�R�G�P�Y�W�M�S�R�W ����

�Z�K�H�Q �W�K�H�\ �K�D�Y�H �P�R�U�H �H�Q�H�U�J�\ �W�K�D�Q �X�V�X�D�O�� �7�K�H �Q�H�[�W �S�D�U�W �R�I �W�K�H �G�L�D�O�R�J�X�H �Z�D�V �V�H�W�W�L�Q�J �D �J�R�D�O �D�Q�G �F�U�H�D�W�L�Q�J
�D �S�O�D�Q �I�R�U �U�H�D�F�K�L�Q�J �W�K�L�V �J�R�D�O�� �E�D�V�H�G �R�Q �I�U�H�H �W�L�P�H �D�Q�G �H�Q�H�U�J�\ �O�H�Y�H�O�V��

�7�K�H �S�O�D�Q �F�R�P�P�L�W�P�H�Q�W �D�V�S�H�F�W �R�I �W�K�H �F�R�Q�Y�H�U�V�D�W�L�R�Q �Z�D�V �D�S�S�U�R�D�F�K�H�G �D�V �D �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q�L�Q�J �S�U�R�E��
�O�H�P�� �)�R�U �W�K�L�V�� �Z�H �G�H�V�L�J�Q�H�G �W�K�H �F�R�U�H �S�D�U�W �R�I �W�K�H �G�L�D�O�R�J�X�H �D�V �D �O�R�R�S �Z�K�H�U�H �W�K�H �S�H�U�V�R�Q �F�R�X�O�G �V�S�H�F�L�I�\ �W�K�H�L�U
�V�L�W�X�D�W�L�R�Q�� �F�R�Q�V�L�V�W�L�Q�J �R�I �D�V�S�H�F�W�V �Z�K�L�F�K �Z�H�U�H �I�R�X�Q�G �W�R �E�H �U�H�O�H�Y�D�Q�W �W�R �D�S�S�U�R�D�F�K �Z�K�H�Q �S�H�U�V�X�D�G�L�Q�J �V�R�P�H�R�Q�H
�W�R �I�R�O�O�R�Z �D �S�O�D�Q�� �F�R�Q�I�L�G�H�Q�F�H�� �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V�� �D�Q�G �D�W�W�L�W�X�G�H�� �)�R�O�O�R�Z�L�Q�J �W�K�L�V�� �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K �Z�R�X�O�G
�X�V�H �R�Q�H �R�I �L�W�V �S�H�U�V�X�D�V�L�Y�H �V�W�U�D�W�H�J�L�H�V�� �D�Q�G �W�K�H�Q �D�V�N �W�K�H �S�H�U�V�R�Q �W�R �V�S�H�F�L�I�\ �W�K�H�V�H �W�K�U�H�H �D�V�S�H�F�W�V �D�J�D�L�Q�� �7�K�H
�S�H�U�V�X�D�V�L�Y�H �V�W�U�D�W�H�J�L�H�V �V�H�O�H�F�W�H�G �Z�H�U�H�� �P�D�N�L�Q�J �F�K�D�Q�J�H�V �W�R �W�K�H �S�O�D�Q�� �H�[�S�O�D�L�Q�L�Q�J �Z�K�\ �S�O�D�Q�Q�L�Q�J �L�V �X�V�H�I�X�O��
�F�R�S�L�Q�J �S�O�D�Q�Q�L�Q�J ���W�K�R�X�J�K �L�G�H�Q�W�L�I�\�L�Q�J �D�Q�G �G�H�D�O�L�Q�J �Z�L�W�K �E�D�U�U�L�H�U�V���� �D�Q�G �V�K�R�Z�L�Q�J �W�H�V�W�L�P�R�Q�L�D�O�V��

�7�K�H �G�L�D�O�R�J�X�H �H�Q�G�H�G �Z�L�W�K �D �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �U�H�Z�D�U�G �V�L�J�Q�D�O�� �Z�K�L�F�K �Z�D�V �F�R�P�S�R�V�H�G �R�I�� �V�D�W�L�V�I�D�F�W�L�R�Q��
�F�R�Q�I�L�G�H�Q�F�H �L�Q �U�H�D�F�K�L�Q�J �W�K�H �J�R�D�O�� �D�Q�G �F�R�P�P�L�W�P�H�Q�W �W�R �W�K�H �S�O�D�Q�� �&�R�P�P�L�W�P�H�Q�W �W�R �W�K�H �S�O�D�Q �Z�D�V �L�Q�W�H�U�S�U�H�W�H�G
�D�V �D �F�R�Q�F�H�S�W �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �R�I �D �S�H�U�V�R�Q�¶�V �F�R�P�P�L�W�P�H�Q�W �W�R �W�K�H �J�R�D�O�� �Z�K�L�F�K �L�V �D�Q �L�P�S�R�U�W�D�Q�W �D�V�S�H�F�W �R�I
�J�R�D�O���V�H�W�W�L�Q�J��

�������������,�S�[ �[�I�P�P �G�E�R �V�I�M�R�J�S�V�G�I�Q�I�R�X �P�I�E�V�R�M�R�K �W�I�P�I�G�X �T�I�V�W�Y�E�W�M�Z�I �W�X�V�E�X�I�K�M�I�W �X�S �F�I
�Y�W�I�H �E�W �T�E�V�X �S�J �E �H�]�E�H�M�G �T�P�E�R�R�M�R�K �H�M�E�P�S�K�Y�I �X�S �Q�E�O�I �T�I�S�T�P�I �W�E�X�M�W�h�I�H �[�M�X�L
�X�L�I �H�M�E�P�S�K�Y�I�� �G�S�Q�Q�M�X�X�I�H �X�S �X�L�I �T�P�E�R �J�S�V �X�E�O�M�R�K �[�E�P�O�W�� �E�R�H �G�S�R�h�H�I�R�X �M�R �V�I�E�G�L��
�M�R�K �X�L�I�M�V �K�S�E�P�#

�7�R �D�Q�V�Z�H�U �W�K�L�V �T�X�H�V�W�L�R�Q�� �G�D�W�D �Z�D�V �J�D�W�K�H�U�H�G �W�K�U�R�X�J�K �D�Q �R�E�V�H�U�Y�D�W�L�R�Q�D�O �V�W�X�G�\�� �D�Q�G �D �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�H�D�U�Q��
�L�Q�J �P�R�G�H�O �Z�D�V �L�P�S�O�H�P�H�Q�W�H�G�� �E�D�V�H�G �R�Q �W�K�H �G�D�W�D�� �7�K�H �I�L�Q�D�O �P�R�G�H�O�¶�V �V�W�D�W�H�V �Z�H�U�H �F�R�P�S�R�V�H�G �R�I �W�K�H �S�H�U��
�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q �D�Q�G �W�K�H �S�H�U�V�X�D�V�L�Y�H �V�W�U�D�W�H�J�L�H�V �W�K�D�W �Z�H�U�H �D�O�U�H�D�G�\ �X�V�H�G �E�\ �W�K�H �Y�L�U�W�X�D�O �F�R�D�F�K�� �7�Z�R �D�V�S�H�F�W�V
�R�I �D �S�H�U�V�R�Q�¶�V �V�L�W�X�D�W�L�R�Q �Z�H�U�H �V�H�O�H�F�W�H�G �W�R �E�H �S�D�U�W �R�I �W�K�H �I�L�Q�D�O �P�R�G�H�O�� �W�K�H�L�U �F�R�Q�I�L�G�H�Q�F�H �L�Q �I�R�O�O�R�Z�L�Q�J �W�K�H �S�O�D�Q
�I�R�U �Z�D�O�N�L�Q�J�� �D�Q�G �W�K�H�L�U �S�H�U�F�H�L�Y�H�G �X�V�H�I�X�O�Q�H�V�V �R�I �S�O�D�Q�Q�L�Q�J �I�R�U �S�K�\�V�L�F�D�O �D�F�W�L�Y�L�W�\�� �7�K�H�V�H �V�W�D�W�H�V �Z�H�U�H �D�E�O�H �W�R
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When dealing with barriers, the virtual coach first informs the person that it can provide suggestions,
but that it is up to the person to find a good way of dealing with their barrier (Figure B.6). Then, the
virtual coach repeats what the person typed in previously as their barrier and asks them to type their
approach for dealing with their barrier (Figure B.7). After this, if the barrier was not òI have a different
barrierò, a way of dealing with the specific barrier type is presented, and the virtual coach asks the
person to type their strategy after having read its suggestion, since it might be different from what it
was initially (Figure B.8).

The first three barriers and the methods for dealing with them are selected based on research by
Baillot et al. [7], Bl§foss et al. [13], and Glozah [44], while the fourth barrier and the method of dealing
with it is additionally based on research by Farah et al. [33], and the fifth barrier and the way of dealing
with it is based on research by Bantham et al. [9].

Figure B.6: The first part of the chat for the action of dealing
with barriers

Figure B.7: The second part of the chat for the action of
dealing with barriers

Figure B.8: The third part of the chat for the action of dealing
with barriers

Two random testimonials are shown when this action is done. The person is asked to read each
testimonial and then type in the chat something they could take away from it, for every testimonial
(Figure B.9).

The testimonials shown are taken from the research by Albers et al. [5], which has a publicly avail-
able dataset [50]. The 72 testimonials were coded by two people with a background in computer
science, in 4 categories (or combinations of categories): testimonials which are not related to planning,
testimonials which relate to people creating plans for physical activity, testimonials which relate to peo-
ple following plans for physical activity, testimonials which relate to people using plans for physical
activity. The testimonials where both coders agreed on the categories (or combination of categories)
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were selected and, of those testimonials, those which feature people following plans for physical activity
were the ones picked to be shown to people. Thus, 8 testimonials were selected and two of them were
randomly chosen every time the virtual coach used this persuasive strategy.

Figure B.9: The chat for the action of showing testimonials



C
Distribution of the data

Table C.1: Distribution of the actions taken per reduced state

State Action Totalchanges to plan explain planning identify barriers deal with barriers show testimonials
[ô0ô, ô0ô] 51 25 22 23 27 148
[ô0ô, ô1ô] 18 8 13 11 11 61
[ô1ô, ô0ô] 23 14 17 10 11 75
[ô1ô, ô1ô] 81 39 33 41 41 235
Total 173 86 85 85 90 519
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D
Detailed description of the process of

selecting features and values using
the G-algorithm

The purpose of the G-algorithm was to provide a basis for selecting only two of the three possible
features which were part of the personôs situation (confidence, perceived usefulness, and attitude).

Furthermore, rather than only checking if including a feature was relevant, the algorithm checked if
including the feature with each of the possible number of values was relevant. In other words, for each
feature, the algorithm checked if including the feature with two, three, or four values split the data such
that the resulting subsets were significantly different from each other. Determining how many values
each feature should have and how to make this split was necessary, since the data for the states was
not distributed uniformly, as seen in the pilot study.

Table D.1: Results of running the G algorithm for predicting Q-values.

Iteration number Feature Number of values p-value

1 confidence
2 0.0066
3 0.0051
4 0.0004

1 perceived usefulness
2 0.0080
3 0.0160
4 0.0648

1 attitude
2 0.0522
3 0.0815
4 0.2467

Feature selected: confidence, with two values.

2 perceived usefulness
2 < 0.0001
3 0.0011
4 0.0064

2 attitude
2 0.0017
3 0.0127
4 0.0086

Feature selected: perceived usefulness, with two values.

In table, D.1, we can see that confidence with two values is selected in the first iteration, since it
has the smallest p-value. Then, in the second iteration, perceived usefulness with two values has the
smallest p-value, so it is picked as the second feature.
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E
Optimal policy

Table E.1: Optimal policy for the model using the first reward function. States are of the form [number of changes made to the
plan, ôconfidenceô, ôperceived usefulnessô, explaining why planning is useful was done, identifying barriers was done, dealing
with barriers was done, showing testimonials from other people was done]. For all other possible states not listed in the table,

the optimal action is to pick a random action out of the possible actions for the specific state.

State Action
[0, ô0ô, ô0ô, True, False, False, False] changes to plan
[0, ô0ô, ô1ô, True, False, False, False] changes to plan
[0, ô1ô, ô0ô, True, False, False, False] changes to plan
[0, ô1ô, ô1ô, True, False, False, False] changes to plan
[0, ô0ô, ô0ô, False, True, False, False] changes to plan
[0, ô0ô, ô1ô, False, True, False, False] changes to plan
[0, ô1ô, ô0ô, False, True, False, False] changes to plan
[0, ô1ô, ô1ô, False, True, False, False] changes to plan
[0, ô0ô, ô0ô, False, False, False, True] changes to plan
[0, ô0ô, ô1ô, False, False, False, True] changes to plan
[0, ô1ô, ô0ô, False, False, False, True] changes to plan
[0, ô1ô, ô1ô, False, False, False, True] changes to plan
[0, ô0ô, ô0ô, False, False, False, False] identify barriers
[0, ô0ô, ô1ô, False, False, False, False] explain planning
[0, ô1ô, ô0ô, False, False, False, False] explain planning
[0, ô1ô, ô1ô, False, False, False, False] explain planning
[1, ô0ô, ô0ô, True, True, True, True] changes to plan
[1, ô0ô, ô1ô, True, True, True, True] changes to plan
[1, ô1ô, ô0ô, True, True, True, True] changes to plan
[1, ô1ô, ô1ô, True, True, True, True] changes to plan
[1, ô0ô, ô1ô, True, True, True, False] changes to plan
[1, ô1ô, ô0ô, True, True, True, False] changes to plan
[1, ô0ô, ô1ô, True, True, False, True] changes to plan
[1, ô1ô, ô0ô, True, True, False, True] changes to plan
[1, ô0ô, ô0ô, True, True, False, False] deal with barriers
[1, ô0ô, ô1ô, True, True, False, False] deal with barriers
[1, ô1ô, ô0ô, True, True, False, False] deal with barriers
[1, ô1ô, ô1ô, True, True, False, False] deal with barriers
[1, ô0ô, ô0ô, True, False, False, True] identify barriers
[1, ô0ô, ô1ô, True, False, False, True] identify barriers
[1, ô1ô, ô0ô, True, False, False, True] identify barriers
[1, ô1ô, ô1ô, True, False, False, True] identify barriers
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[1, ô0ô, ô0ô, True, False, False, False] identify barriers
[1, ô0ô, ô1ô, True, False, False, False] show testimonials
[1, ô1ô, ô0ô, True, False, False, False] show testimonials
[1, ô1ô, ô1ô, True, False, False, False] show testimonials
[1, ô0ô, ô1ô, False, True, True, True] changes to plan
[1, ô1ô, ô0ô, False, True, True, True] changes to plan
[1, ô0ô, ô0ô, False, True, True, False] explain planning
[1, ô0ô, ô1ô, False, True, True, False] explain planning
[1, ô1ô, ô0ô, False, True, True, False] show testimonials
[1, ô1ô, ô1ô, False, True, True, False] explain planning
[1, ô0ô, ô0ô, False, True, False, True] deal with barriers
[1, ô0ô, ô1ô, False, True, False, True] explain planning
[1, ô1ô, ô0ô, False, True, False, True] deal with barriers
[1, ô1ô, ô1ô, False, True, False, True] deal with barriers
[1, ô0ô, ô0ô, False, True, False, False] deal with barriers
[1, ô0ô, ô1ô, False, True, False, False] deal with barriers
[1, ô1ô, ô0ô, False, True, False, False] deal with barriers
[1, ô1ô, ô1ô, False, True, False, False] deal with barriers
[1, ô0ô, ô0ô, False, False, False, True] identify barriers
[1, ô0ô, ô1ô, False, False, False, True] explain planning
[1, ô1ô, ô0ô, False, False, False, True] explain planning
[1, ô1ô, ô1ô, False, False, False, True] explain planning
[1, ô0ô, ô0ô, False, False, False, False] identify barriers
[1, ô0ô, ô1ô, False, False, False, False] explain planning
[1, ô1ô, ô0ô, False, False, False, False] show testimonials
[1, ô1ô, ô1ô, False, False, False, False] identify barriers
[2, ô0ô, ô0ô, True, True, True, False] show testimonials
[2, ô0ô, ô1ô, True, True, True, False] show testimonials
[2, ô1ô, ô0ô, True, True, True, False] show testimonials
[2, ô0ô, ô0ô, True, True, False, True] deal with barriers
[2, ô0ô, ô1ô, True, True, False, True] deal with barriers
[2, ô1ô, ô0ô, True, True, False, True] deal with barriers
[2, ô0ô, ô0ô, True, True, False, False] deal with barriers
[2, ô1ô, ô0ô, True, True, False, False] deal with barriers
[2, ô0ô, ô0ô, True, False, False, True] identify barriers
[2, ô0ô, ô1ô, True, False, False, True] identify barriers
[2, ô1ô, ô0ô, True, False, False, True] identify barriers
[2, ô0ô, ô0ô, True, False, False, False] identify barriers
[2, ô0ô, ô1ô, True, False, False, False] show testimonials
[2, ô1ô, ô0ô, True, False, False, False] show testimonials
[2, ô0ô, ô0ô, False, True, True, True] explain planning
[2, ô0ô, ô1ô, False, True, True, True] explain planning
[2, ô1ô, ô0ô, False, True, True, True] explain planning
[2, ô0ô, ô0ô, False, True, True, False] explain planning
[2, ô0ô, ô1ô, False, True, True, False] explain planning
[2, ô1ô, ô0ô, False, True, True, False] show testimonials
[2, ô0ô, ô0ô, False, True, False, True] deal with barriers
[2, ô0ô, ô1ô, False, True, False, True] explain planning
[2, ô1ô, ô0ô, False, True, False, True] deal with barriers
[2, ô0ô, ô0ô, False, True, False, False] deal with barriers
[2, ô0ô, ô1ô, False, True, False, False] explain planning
[2, ô1ô, ô0ô, False, True, False, False] deal with barriers
[2, ô0ô, ô0ô, False, False, False, True] identify barriers
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[2, ô0ô, ô1ô, False, False, False, True] explain planning
[2, ô1ô, ô0ô, False, False, False, True] explain planning



F
Worst policy

Table F.1: Worst policy for the model using the first reward function. States are of the form [number of changes made to the
plan, ôconfidenceô, ôperceived usefulnessô, explaining why planning is useful was done, identifying barriers was done, dealing
with barriers was done, showing testimonials from other people was done]. For all other possible states not listed in the table,

the optimal action is to pick a random action out of the possible actions for the specific state.

State Action
[0, ô0ô, ô0ô, True, False, False, False] changes to plan
[0, ô0ô, ô1ô, True, False, False, False] changes to plan
[0, ô1ô, ô0ô, True, False, False, False] changes to plan
[0, ô1ô, ô1ô, True, False, False, False] changes to plan
[0, ô0ô, ô0ô, False, True, False, False] changes to plan
[0, ô0ô, ô1ô, False, True, False, False] changes to plan
[0, ô1ô, ô0ô, False, True, False, False] changes to plan
[0, ô1ô, ô1ô, False, True, False, False] changes to plan
[0, ô0ô, ô0ô, False, False, False, True] changes to plan
[0, ô0ô, ô1ô, False, False, False, True] changes to plan
[0, ô1ô, ô0ô, False, False, False, True] changes to plan
[0, ô1ô, ô1ô, False, False, False, True] changes to plan
[0, ô0ô, ô0ô, False, False, False, False] changes to plan
[0, ô0ô, ô1ô, False, False, False, False] changes to plan
[0, ô1ô, ô0ô, False, False, False, False] changes to plan
[0, ô1ô, ô1ô, False, False, False, False] changes to plan
[1, ô0ô, ô0ô, True, True, True, True] changes to plan
[1, ô0ô, ô1ô, True, True, True, True] changes to plan
[1, ô1ô, ô0ô, True, True, True, True] changes to plan
[1, ô1ô, ô1ô, True, True, True, True] changes to plan
[1, ô0ô, ô0ô, True, True, True, False] changes to plan
[1, ô0ô, ô1ô, True, True, True, False] changes to plan
[1, ô1ô, ô0ô, True, True, True, False] changes to plan
[1, ô1ô, ô1ô, True, True, True, False] changes to plan
[1, ô0ô, ô0ô, True, True, False, True] changes to plan
[1, ô0ô, ô1ô, True, True, False, True] changes to plan
[1, ô1ô, ô0ô, True, True, False, True] changes to plan
[1, ô1ô, ô1ô, True, True, False, True] changes to plan
[1, ô0ô, ô1ô, True, True, False, False] changes to plan
[1, ô1ô, ô0ô, True, True, False, False] changes to plan
[1, ô0ô, ô0ô, True, False, False, True] changes to plan
[1, ô0ô, ô1ô, True, False, False, True] changes to plan
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[1, ô1ô, ô0ô, True, False, False, True] changes to plan
[1, ô1ô, ô1ô, True, False, False, True] changes to plan
[1, ô0ô, ô0ô, True, False, False, False] show testimonials
[1, ô0ô, ô1ô, True, False, False, False] identify barriers
[1, ô1ô, ô0ô, True, False, False, False] identify barriers
[1, ô1ô, ô1ô, True, False, False, False] identify barriers
[1, ô0ô, ô0ô, False, True, True, True] changes to plan
[1, ô0ô, ô1ô, False, True, True, True] changes to plan
[1, ô1ô, ô0ô, False, True, True, True] changes to plan
[1, ô1ô, ô1ô, False, True, True, True] changes to plan
[1, ô0ô, ô0ô, False, True, True, False] show testimonials
[1, ô0ô, ô1ô, False, True, True, False] changes to plan
[1, ô1ô, ô0ô, False, True, True, False] changes to plan
[1, ô1ô, ô1ô, False, True, True, False] changes to plan
[1, ô0ô, ô1ô, False, True, False, True] changes to plan
[1, ô1ô, ô0ô, False, True, False, True] changes to plan
[1, ô0ô, ô1ô, False, True, False, False] show testimonials
[1, ô1ô, ô0ô, False, True, False, False] explain planning
[1, ô0ô, ô0ô, False, False, False, True] explain planning
[1, ô0ô, ô1ô, False, False, False, True] identify barriers
[1, ô1ô, ô0ô, False, False, False, True] identify barriers
[1, ô1ô, ô1ô, False, False, False, True] identify barriers
[1, ô0ô, ô1ô, False, False, False, False] identify barriers
[1, ô1ô, ô0ô, False, False, False, False] identify barriers
[2, ô0ô, ô0ô, True, True, True, False] show testimonials
[2, ô0ô, ô1ô, True, True, True, False] show testimonials
[2, ô1ô, ô0ô, True, True, True, False] show testimonials
[2, ô1ô, ô1ô, True, True, True, False] show testimonials
[2, ô0ô, ô0ô, True, True, False, True] deal with barriers
[2, ô0ô, ô1ô, True, True, False, True] deal with barriers
[2, ô1ô, ô0ô, True, True, False, True] deal with barriers
[2, ô1ô, ô1ô, True, True, False, True] deal with barriers
[2, ô0ô, ô0ô, True, True, False, False] show testimonials
[2, ô1ô, ô0ô, True, True, False, False] show testimonials
[2, ô0ô, ô0ô, True, False, False, True] identify barriers
[2, ô0ô, ô1ô, True, False, False, True] identify barriers
[2, ô1ô, ô0ô, True, False, False, True] identify barriers
[2, ô1ô, ô1ô, True, False, False, True] identify barriers
[2, ô0ô, ô0ô, True, False, False, False] show testimonials
[2, ô0ô, ô1ô, True, False, False, False] identify barriers
[2, ô1ô, ô0ô, True, False, False, False] identify barriers
[2, ô0ô, ô0ô, False, True, True, True] explain planning
[2, ô0ô, ô1ô, False, True, True, True] explain planning
[2, ô1ô, ô0ô, False, True, True, True] explain planning
[2, ô1ô, ô1ô, False, True, True, True] explain planning
[2, ô0ô, ô0ô, False, True, True, False] show testimonials
[2, ô0ô, ô1ô, False, True, True, False] show testimonials
[2, ô1ô, ô0ô, False, True, True, False] explain planning
[2, ô0ô, ô0ô, False, True, False, True] explain planning
[2, ô0ô, ô1ô, False, True, False, True] deal with barriers
[2, ô1ô, ô0ô, False, True, False, True] explain planning
[2, ô1ô, ô0ô, False, True, False, False] explain planning
[2, ô0ô, ô0ô, False, False, False, True] explain planning
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[2, ô0ô, ô1ô, False, False, False, True] identify barriers
[2, ô1ô, ô0ô, False, False, False, True] identify barriers



G
Policy when ignoring the person's

situation

Table G.1: Optimal policy for the model using the first reward function and without considering the personôs situation as part of
the state. States are of the form [number of changes made to the plan, explaining why planning is useful was done, identifying

barriers was done, dealing with barriers was done, showing testimonials from other people was done].

State Action
[0, True, False, False, False] changes to plan
[0, False, True, False, False] changes to plan
[0, False, False, False, True] changes to plan
[0, False, False, False, False] changes to plan
[1, True, True, True, True] changes to plan
[1, True, True, True, False] changes to plan
[1, True, True, False, True] changes to plan
[1, True, False, False, True] changes to plan
[1, True, False, False, False] show testimonials
[1, False, True, True, True] changes to plan
[1, False, True, True, False] changes to plan
[1, False, True, False, False] deal with barriers
[1, False, False, False, True] explain planning
[1, False, False, False, False] identify barriers
[2, True, True, True, False] show testimonials
[2, True, True, False, True] deal with barriers
[2, True, False, False, True] identify barriers
[2, False, True, True, True] explain planning
[2, False, True, True, False] explain planning

Since the states only contain the actions already done, this is the only aspect that changes when a
persuasive strategy is used. For example, the initial state is the one where no actions have been done
([0, False, False, False, False]), and the policy indicates that making changes to the plan is the optimal
action. Then, the state becomes the one where making changes to the plan was done once ([1, False,
False, False, False]) and its optimal action is identifying barriers. This forms a chain of predetermined
states, actions, and next states, meaning a fixed order of actions. The order defined by the optimal
policy is:

1. changes to plan
2. identify barriers
3. deal with barriers
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4. changes to plan
5. explain planning
6. show testimonials



H
Detailed description of the

investigation into the effect of the
persuasive strategies

Paired Bayesian t-tests were performed on the original data (confidence with values from 0 to 10 and
perceived usefulness with values from -10 to 10). For each persuasive strategy, the values of confi-
dence and perceived usefulness before using the persuasive strategy were compared to the values
after using the persuasive strategy,

Table H.1 shows the effects of each persuasive strategy on confidence, while table H.2 shows
the effects of each persuasive strategy on perceived usefulness. The interpretation of the posterior
probabilities is the one from Chechile [26], extended to probabilities below 0.5 based on Andraszewicz
et al. [6], with the mention that Andraszewicz et al. use Bayes factors instead of posterior probabilities.
The interpretation of Cohenôs d is the one from Cohen [27]. In both tables, the mean differences are
close to zero, with the 95% highest density intervals of the confidence intervals all containing zero, and
with Cohenôs d being small in most cases, with a few situations where it is moderate. Looking at the
posterior probabilities, all of them are close to 0.5, which means it is not worth betting on there being
an increase (or decrease for probabilities smaller than 0.5) in the value of confidence or perceived use-
fulness for any of the persuasive strategies. Thus, we can conclude that the effect of each persuasive
strategy on the personôs state is, in general, small.

Since the simulation in Q5 indicated that, over time, peopleôs states do change enough to get to the
state with high confidence and perceived usefulness, further exploratory analysis was done, to check
the difference in the state at the start and end of the dialogue. Table H.3 shows the results of this
analysis. Indeed, the mean of the differences are no longer close to zero, and zero is not included in
the 95% HDI CIs. Cohenôs d indicates a moderate effect on both confidence and perceived usefulness,
and the posterior probabilities suggest a strong difference between the initial and final states. As the
posterior probabilities are above 0.999 in both cases, we can make a very strong bet on there being
an increase after using all of the persuasive strategies.
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Table H.1: Results of paired Bayesian t-tests on confidence before and after using a persuasive strategy.

Persuasive strat-
egy

Mean, standard deviation,
and 95%HDI CI of the dif-
ference

Probability of
mean being
larger than
zero and
smaller than
zero

Cohenôs d

Changes to plan
first time

mean -0.008
larger 0.487 0.32

(moderate)sd 0.056
95% HDI CI [-0.001,
0.001]

smaller 0.513

Changes to plan
second time

mean <0.001
larger 0.498 0.11

(small)sd <0.001
95% HDI CI [-0.00014,
0.00014]

smaller 0.502

Explain planning
mean <0.001

larger 0.498 0.15
(small)sd <0.001

95% HDI CI [-0.00016,
0.00017]

smaller 0.502

Identify barriers
mean <0.001

larger 0.501 -0.07
(small)sd <0.001

95% HDI CI [-0.00019,
0.00018]

smaller 0.499

Deal with barriers
mean <0.001

larger 0.5 0.20
(moderate)sd <0.001

95% HDI CI [-0.00025,
0.00024]

smaller 0.5

Show testimonials
mean <0.001

larger 0.487 0.21
(moderate)sd <0.001

95% HDI CI [-0.00027,
0.00025]

smaller 0.513
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Table H.2: Results of paired Bayesian t-tests on perceived usefulness before and after using a persuasive strategy.

Persuasive strat-
egy

Mean, standard deviation,
and 95%HDI CI of the dif-
ference

Probability of
mean being
larger than
zero and
smaller than
zero

Cohenôs d

Changes to plan
first time

mean <0.001
larger 0.493 0.20

(small)sd <0.001
95% HDI CI [-0.00043,
0.00042]

smaller 0.507

Changes to plan
second time

mean <0.001
larger 0.494 0.07

(small)sd <0.001
95% HDI CI [-0.00024,
0.00022]

smaller 0.506

Explain planning
mean <0.001

larger 0.499 0.15
(small)sd <0.001

95% HDI CI [-0.00048,
0.00048]

smaller 0.501

Identify barriers
mean <0.001

larger 0.503 -0.003
(small)sd <0.001

95% HDI CI [-0.00024,
0.00025]

smaller 0.497

Deal with barriers
mean <0.001

larger 0.5 0.11
(small)sd <0.001

95% HDI CI [-0.00027,
0.00027]

smaller 0.5

Show testimonials
mean <0.001

larger 0.501 0.01
(small)sd <0.001

95% HDI CI [-0.00032,
0.00030]

smaller 0.499

Table H.3: Results of paired Bayesian t-tests at the start and end of the conversation.

Feature Mean, standard deviation,
and 95%HDI CI of the dif-
ference

Probability of
mean being
larger than
zero and
smaller than
zero

Cohenôs d

Confidence
mean 1.6

larger > 0.999 0.75
(moderate)sd 1.9

95% HDI CI [1.2, 2.0] smaller < 0.001

Perceived
usefulness

mean 0.68
larger > 0.999 0.43

(moderate)sd 1.3
95% HDI CI [0.30, 1.1] smaller < 0.001



I
Detailed description of the thematic

analysis

Table I.1: Codes for the thematic analysis

Motivating aspects
Number Name Description

1 the plan the plan itself was motivating
2 tailoring the plan being able to modify the plan was motivating
3 coping planning discussing or dealing with barriers was motivating
4 planning on time slots considering available time was motivating
5 achievable plan people felt like the plan was achievable and this motivated them
6 considering energy levels considering how much energy people have was motivating
7 nothing nothing about the conversation was motivating
8 testimonials people were motivated by seeing other people plan and achieve

goals
9 encouraging to do/be bet-

ter
people felt like the agent was encouraging them to reach their goals

10 meaningful information learning about physical activity, goals, and habits motivated people
Demotivating aspects

Number Name Description
1 repeating people disliked when the virtual coach repeated things it had said

previously and this was demotivating for them
2 lack of tailored answers people felt like the virtual coach was not replying based on what

people typed and this was demotivating
3 testimonials seeing other people succeed was not motivating
4 nothing nothing about the chat was demotivating
5 lack of deeper under-

standing
the virtual coach did not properly understand more complex issues
and this demotivated people

6 robotic the virtual coach seemed robotic and this was demotivating
7 difficulty of plan the plan seemed difficult and this demotivated people
8 long chat the length of the chat was demotivating
9 not enough plan cus-

tomisability or detail
not seeing how to do the walks after week 2, or not being able to
customise them was demotivating
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After reading the motivating and demotivating aspects indicated by people in the responses, a set
of initial codes was generated and is presented in Table I.1. Every response was then coded, with
the possibility of assigning multiple codes to the same response. A second coder with a background
in computer science was then trained on 11 examples of motivating aspects and 11 examples of de-
motivating aspects and tested on 12 examples of each. Disagreements only occurred for two of the 12
responses to the motivating aspects used for testing and were settled by discussion. Afterwards, the
second coder independently coded the rest of the responses, while the first coder double checked that
the initially assigned codes conform to the results of the discussion about the disagreements.

To determine which codes were to be kept in the final analysis, we computed both Cohenôs Kappa
[28] and Brennan-Predigerôs Kappa [16]. The results for the motivating factors are shown in Table
I.2 and the results for the demotivating factors are shown in Table I.3. According to Cohenôs Kappa
(interpreted as indicated by Landis and Koch [56]), there is almost perfect agreement for both the
motivating and the demotivating factors. For all codes, Cohenôs Kappa was above 0.4 (so they had at
least moderate agreement) for both motivating and demotivating aspects, so all codes were kept as
part of the analysis.

Table I.2: Cohenôs Kappa and percent agreement for the entire data set and per code for the motivating factors.

Input Cohenôs Kappa Brennan-Predigerôs Kappa
Entire data set 0.87 0.97

Code 1 0.70 0.87
Code 2 0.54 0.92
Code 3 0.91 0.97
Code 4 1.00 1.00
Code 5 1.00 1.00
Code 6 0.90 0.99
Code 7 1.00 1.00
Code 8 0.97 0.99
Code 9 0.85 0.99
Code 10 0.79 0.97

Table I.3: Cohenôs Kappa and percent agreement for the entire data set and per code for the demotivating factors.

Input Cohenôs Kappa Brennan-Predigerôs Kappa
Entire data set 0.95 0.99

Code 1 1.00 1.00
Code 2 0.79 0.99
Code 3 1.00 1.00
Code 4 0.97 0.99
Code 5 0.79 0.97
Code 6 1.00 1.00
Code 7 0.64 0.95
Code 8 1.00 1.00
Code 9 1.00 1.00
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