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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 individualis 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 personis 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 personis 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 personis situation. We also investigated the effect of including or excluding the personis
situation from the model. If the personis 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 peopleis situations into one where they are likely to commit to the plan. When
the personis situation is included, the percentage rises to 82%, suggesting that the personis 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.

v



Introduction
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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 individualis health in
general [104]. Despite the recommendations given by the World Health Organization (WHO) to reduce
sedentary behaviour, since ésome physical activity is better than noned [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 personis 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 odo their besto, 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 onefs own ability, it decreases peopleis self-efficacy (a term defined by Bandura
[8], meaning peopleis 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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creating the action plan, it is possible to provide the necessary information for becoming more 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 goalis 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 partneris 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 personis 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 peoplels 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 personis confidence. Factors such as
confidence, and perceived usefulness can be considered a personis ostate.0 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 personis 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 personis state, to persuade them to
commit to the plan.
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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.

0i00 doodnood ooootiod

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
guestion 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

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

000 Loboodog

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).
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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 expertis
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 expertis 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.

00l 0000 0000000 boootd 0oo 0jduonod

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 ddo your bestd 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 personis commitment to their goal. (FVC1)

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

4
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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 werenit 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.
0Preparationd prompts the user to take an introspective look at the current situation and what they want
to improve. 6Formulation of goalsé asks the user to formulate goals which are specific and challenging,
based on the previous step. 0Formulation of pland entails developing an action plan, which describes
what, when, where, and how they will work towards their goal. 0Coping planningd 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 ¢follow-up,0 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 personis actions with their goal. Therefore, we can conclude that developing action
and coping plans after setting a goal can help guide peopleis 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)

000 0000000 Dodo i00oouol biouoooo

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 personis 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 oneis 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)

0i0l 004 00 oo Uholo 0oo booooo oooao

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 how much 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: 0All adults should undertake 1507 300 min of moderate-intensity, or 75i 150 min of vigorous-
intensity physical activity, or some equivalent combination of moderate-intensity and vigorous-intensity
aerobic physical activity, per week.o [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 dshort bouts of activity (...) may be suitable for those initiating physical
activity.0 [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 dif-thend
format (e.g. olf it is Tuesday, then | will go for a 30 minute walk at 6 PM0). 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 othe planning fallacyd [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)

Oi00 DIo0OQT 0LUuooo boo bobohibt 0boibudoog o™ bodopooot bbodoo

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 personis 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 personis 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 personis
attitude towards donating, since they found attitude to be indicative of a personis 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 personis feedback, in the context of
persuading through logical arguments. The feedback is used to infer the useris 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 personis 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)
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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

FVvC8 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 avirtual coach that can adapt to the person can change the personis behaviour

FVC13 reinforcement learning can be used to adapt the way in which the virtual coach
persuades the person




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 personis 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.

&

Person Virtual coach
Specify situation—______p

Changing Persuasive
situation strategies

«+—Use a persuasive strategy

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

Phase 1 Phase 2

Ask about

Introduction
mood

| —» Setagoal

v

Ask about free
time

Ask about
energy levels

Create initial
plan

Phase 3

Askt State Get reward
sk for » good and Yes— | signal and end
situation turns > 2 dialogue

No

|

Use
persuasive
strategy

Figure 3.2: The three phases of the dialogue
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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 personis 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.



3.2. Plan commitment (Phase 3) 10

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 personis responses by starting its utterances with an initial back-channel [75]
(e.g. 00kay! Thanks for letting me knowd). The virtual coach communicates in an informal manner,
evident from the first message it sends, ¢Hey there! Iim Jamie, your virtual coach.o

The name 6Jamied 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.

(0
(]

Hey there! I'm Jamie. your virtual coach.
I'm happy to meet you.

How are you doing today? Pick one of the options
below to let me know how you feel.

OOoDDM DD
OOODED
OO
DD DD
DD

©

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

0 {0
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 personis 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 personis
evaluation of the conversation corresponds to the reward in reinforcement learning. This is a proxy
measure of a personis 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 atuple hS; A;R;T; i, where

A S is the state space,

A A'is the action space (actions that can be done in the states of S),

A R is the reward function,

A T defines the transitions between states (the transition function),

A 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[Zt1 tr¢], where t represents time steps, ry 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 s’, while getting reward R(s; a).
The transition probability p(s’js; a) explains how likely it is to move to state s° 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]):

CaY — . Oic- 0. 40
Q (s;a) = R(s;a) + SZZ:SD(SJ& a) max Q (s;a’)

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.

Oi0000 Oooooo
The main components considered for a state are the ones related to the personis situation:

A The personis 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].

A The personis 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.

A The personis 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. G2rling 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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%YHVLGHY WKH SHUVRQTV VLWXDWLRQ WKH RWKHU FRPSRQHQWYV RI D \
GLDORJXH .HHSLQJWUDFNRIZKLFKDFWLRQVKDYHEHHQGRQHLV QHFHYV
KDYHD OLPLWHG QXPEHU RI WLPHVY WKH\ FDQ EH XVHG

%GXMSRW
7TKHILYH SHUVXDVLYH VWUDWHJLHYVY DFWLRQV WKDW WKHDJHQW FDQ XV

$+3URSRVH WR PDNH FKDQJHBVURKRRVKRD SWBP®DNH FKDQJHV WR WKH SODQ
WZR UHDVRQV )LUVW LWLVLPSRUWDQW WRJLYHSHRSOHFRQWURO R
LQFUHDVH FRPPLWPHQW )98HERQ@BE®KHQ SHRSOH PDNH FKDQJHV WK
RSSRUWXQLW\WR WDNH LQWR DFFRXQW ZKDW WKH\ OHDUQHG IURP W|
YLUWXDO FRDFK XVHG )RU H[DPSOH LW LV SRVVLEOH WKDW WKH\ GL
NQRZ WKH\ KDG DQG QRZ KDYH WR FKDQJH WKH SODQ WR DFFRPPRGDW
EH WKDW WKH\ OHDUQHG D JRRG VWUDWHJI\ IRUIROORZLQJ SODQV E\
SHUVRQ ZKR IROORZHG SODQV $GGLWLRQDOO\ WKLV DFWLRQ LV EDV|
‘\NH>@ DQG E\/RULBHWIHUBLQ SDUWLFLSDQWYV ZHUH DVNHG WR FUHD
WR UHGHVLJQ WKHVH SODQV LI WKH\ GLG QRW IHHO FRQILGHQW LQ IR
SODQV PRUH OLNHO\WR EH DFKLHYHG

$([SODLQ ZK\ SODQQLQJ[SWRYALQI ZK\ SODQQLQJ LV XVHIXO KDV WKFE
LQJ WR FRQYLQFH SHRSOH WKDW SODQQLQJIRU SK\WVLFDO DFWLYLW\ |
PRUH SK\WVLFDOO\DFWLYH $V WKHLQWHUYHQWLRQ LV FHQWHUHG DU
FRPPLWWHG WR LWLV LPSRUWDQW WR H[SODLQ WKDW WKLV DFWLYLW

I GHQWLIV\EDQGHPOVZLWK EGBHOMWIUVLQIJ EDUULHUV DQG GHDOLQJ ZLWK
RIFUHDWLQJD FRBLQHKBIDQWXDO FRDFKFDQ WDNHWKHVHDFWLRQV L
WR GR WKHDFWLRQ RIGHDOLQJ ZLWKEDUULHUV LPPHGLDWHO\DIWHU

t6KRZ WHVWLPRQLDOV IURP RWKHU SHRSOH ZKR IROORZHGOIODNY V IR L
DFWLRQ RI VKRZLQJ WHVWLPRQLDOV LV UHODWH@ WK b & XRDY VRXK
H[SHULHQFHLVRQHRIWKHPHWKRGY RILQFUHDVLQJVHOI HIILFDF\ V
9LFDULRXV H[SHULHQFHVY FDQ EH SUHVHQWHG E\ VKRZLQJDQ H[DPSOt
LQDVLPLODUVLWXDWLRQ DQG ZKR PDQDJHG WR VXFFHVVIXOO\ H[HF;

7KH ZD\ LQ ZKLFK HDFK Rl WKHVH DFWLRQV LV LP SOl (DFWHRG WK H[SOD
DFWLRQV VHOHFWHG ZHUH FKRVHQ VR WKDW WKH\LQIOXHQFH DW OHDVW |
VWDWH $W WKHVDPHWLPH VRPHDFWLRQV VXFKDVLGHQWLI\LQJEDUUL
:KLOH WKH YLUWXDO FRDFK DLPV WR LQFUHDVH FRQILGHQFH LQ IROORZL
IROORZLQJLW RYHUFRQILGHQFH VKRXOGDOVREHDYRLGH® )O&VVVLQFH
HQMR\PHQW IURP WKH DFWED ©® S 8 PIRIKRDIQFKLELWSODQ FUHDWLRQ >

$FWLRQVRWKHU WKDQ SURSRVLQJWRPDNHFKDQJHVWR WKHSODQ FDQ
LVHQIRUFHG LQWR WKHPRGHO UDWKHU WKDQ OHDUQHG ODNLQJFKDQJF
RIRQO\XVLQJSHUVXDVLYHVWUDWHJLHVY RQFH DVWKHYLUWXDO FRDEK F
FKDQFHVWRPDNHFKDQJHVJLYHV SHRSOHWKHRSSRUWXQLW\WR FXVWRP
XVH RI ZKDW WKH\ OHDUQ IURP WKH SHUVXDVLYH VWUDWHJLHV 2Q WKH RV
SODQ PLJKW EH QHJDWLYHO\DIIHFWHG LI SHRSOH FDQ PRGLI\ WKH SODQ
YLUWXDO FRDFK $V VXFK WKLV DFWLRQ FDQ EHWDNHQ DW PRVW WZR WL|

%YHHMXMSREP VYPIW

%YHVLGHVY WKHUXOHV UHJDUGLQJ KRZRIWHQ HDFK RI WKH SHUVXDVLYH V\V
ZHUHDGGHG WR HQIRUFH FHUWDLQ EHKDYLRXUV ZKLFKZHUH GHHPHG QHF
UXOHV UDWKHU WKDQ OHDUQHG E\WKH UHLQIRUFHPHQW OHDUQLQJ PRGH

6RPH DFWLRQV VKRXOG QRW EH WDNHQ LQ FHUWDLQ VWDWHY RU EHIR
QRW PDNH VHQVH LQ D UHDO OLIH VHWWLQJ )RU H[DPSOH LW ZRXOG EF
ZLWKRXWHYHUKDYLQJLGHQWLILHG UHOHYDQW EDUULHUV WR EHJLQ ZLW
DGGLWLRQDO UXOHV ZHUH DGGHG DV SDUW RI WKH WUDQVLWLRQ IXQFWLF

F5XO0OH WKH SODQ FDQQRW EH PRGLILHG WZLFH LQ D URZ ,Q RWKHU Z
SODQKDVWREHIROORZHGE\D GLITHUHQWDFWLRQ 7KLV UXOHHQVXU
VXJIJHVW WR PDNH PRGLILFDWLRQV WR WKH SODQ ZLWKRXW WU\LQJ W
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F5XO0OH WKH DFWLRQ "GHDO ZLWK EDUULHUV”® VKRXOG RQO\ KDSSHQ |
DOUHDG\KDSSHQHG 7KLV UXOH SUHYHQWYV WKH YLUWXDO FRDFK IURF
VHQVH GHDOLQJZLWKEDUULHUV WKDW KDYHQRW EHHQ LGHQWLILHG

¥F5X0OH WKH VHFRQG DFWLRQ VKRXOG EH PDNLQJ FKDQJHV WR WKH S

ILUVW DFWLRQ 7KLV UXOHJXDUDQWHHY WKDW WKH YLUWXDO FRDFK
SHRSOHDWOHDVWRQHRSSRUWXQLW\WR PDNH FKDQJHV WR WKH SOD
DIWHUWZRDFWLRQV VR LIPDNLQJFKDQJHV WR WKH SODQ ZDV QRW V
VHFRQG RQH 7KLV LV QHHGHG WR HQVXUH WKDW SHRSOH KDYH WKH |
PHQWLRQHG SUHYLRXVO\

JRHSJXLIHMEPSKYIERHVI[EVHIJYRGXMSR
$V FDQ EH VHHQ LQ 3KDVH WKH EXWDWHRIXH HQGV JUHHQ ER[ ZKHQ WZR F
\HOORZ GLDPRQG
JLUVW WKHVWDWH VKRXOGEH JRRG ~$ VWDWH LV FRQVLGHUHG JRRG :
SHUVRQfV VLWXDWLRQ D KLJK YDOXH 7KLV PHDQV WKDW D VWDWH LV JRR

FWKHSHUVRQTV FRQILGHQFHLQIROORZLQJWKH SODQ LV KLJK DW OHEL
fWKHSHUVRQTY SHUFHLYHG XVHIXOQHVV RI SODQQLQJLV KLJK DW OH|
tDQG WKH SHUVRQYV DWWLWXGH WRZDUGYV SODQQLQJLYV SRVLWLYH D\

(LIJKW ZzDV FKRVHQ DV WKH FXWRII VLQFH WKH VFDOH LWVHOI ZRXOG Q
KLIKHU 7KXV HYHQLIWKHSHUVRQ ZHUH WR VSHFLI\ RU WKHVSHFLI
WR FRQVLGHU LWDV WKH KLIJIKHVW SRVVLEOH YDOXH RIWKDW YDULDEOH

(YHQ LI WKH VWDWH LV JRRG WKHYLUWXDO FRDFK VKRXOG WDNH D PL(
WR KDYLQJ XVHG WZR SHUVXDVLYH VWUDWHILHYVY EHIRUH LW FDQ HQG W|
IOXHQFH RI HDFK SHUVXDVLYH VWUDWHJ\ RQ RQH RU PRUH YDULDEOHV W
ZH K\SRWKHVLVH WKDW WDNLQJ PXOWLSOH VXFK DFWLRQV FDQ KHOS FRP
VHWWLQJD PLQLPXP QXPEHU RIDFWLRQV WKHUH LV WKHULVNRIHQGLQ:.
JRRG 'RLQJVR ZRXOG PHDQ WDNLQJ WKH SHUVRQTV KLIKFRQILGHQFH DV
IRURYHUFRQILGHQFH

KHQ WKH VWDWH LY "JRRG " DQG DW OHDVW WZR SHUVXDVLYH VWUDWH]J
HQGYVY WKH GLDORJXH E\DVNLQJ IRXU TXHVWLRQV FRUUHVSRQGLQJ WR
UHZDUG IXQFWLRQ VSHFLILHVY WKH UHZDUG JDLQHG ZKHQ WUDQVLWLRQLC
RXU VWXG\ WKHUHZDUG IXQFWLRQ IRUVWDWHY WKDW DUH QRW DW WKH
VWDWH DW WKHHQG RI WKHFRQYHUVDWLRQ LW FRQVLVWYV RIDFRPELQD)

fWKH SHUVRQTV S WAIMVEKFWHKIRQ@GLDORJXH VLQFH LQWHUDFWLQJ ZLWK
VDWLVI\ WKH SHUVRQTVY QHHGV RU WKDW LV DQQR\LQJ WR WDON WR
FRQYHUVH ZLWK WKH DJHQW DQ\PRUH

FWKHLU FRPPLWPHQW WR GRLQJ SK\VLFDODFWLYLW\LQDRKELRUGDQFH Z
DVZHOODV WKHLU FRPPLWPHQW WR GRLQJ SK\VLFDO DGWLYLW\LQDF

tDQG FRQILCHDA Q¥FRIUHDFK WKH JRDO VLQFH JRDO FRPPLWPHQW LV RQHTF
HQVXULQJ WKDW SHRSOH GRQY& DEDQGRQ WKHLU JRDO >

7KH IXQFWLRQ XVHG EQ=REYSLNWE LY. | Q D UHDO OLIH VHWWLQJ WKI
EH GLIIHUHQW DVSHFWV WR WDNH LQWR DFFRXQW 7KH VDWLVIDFWLRQ Z
DFFRXQW DVDQXQVDWLVI\LQJGLDORJXHZLOO SUHYHQW SHRSOH IURP F|
WLPHYV ,QVWHDGRIFRPPLWPHQW WR WKH SODQ DFWXDO SHUIRUPDQFHF
VXFFHVVIXOO\FRPSOHWHY RQH GD\ RI WKH SODQ WKH\FRXOG FKDW ZLWH
H[SHULHQFH WKLQJV WKH\IRXQG GLIILFXOW RUPD\EHHYHQ LGHDV IRU K
SODQE\FKDQJLQJWKHORFDWLRQ IRUH[DPSOH 7KHFRQILGHQFHLQUHDI
DOVR EH ZRUWKZKLOH WR FRQVLGHU ZHHNO\ DGDSWLYH JRDOV DV WKH\
SHRSOH WR GR PRUH SK\VOF DQ O E\YIWKMABDVH WKH FRQILGHQFH FDQ EH H
JRDO WKHVH QHZ ZHHNO\JRDOV RUHYHQ ERWK
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*RLQIJEDFNWRWKHVHFRQG SKDVH WKLVLVWKHSRLQWZKHUHWKHYLUW)
WR FUHDWH WKH LQLWLDO SODQ WKH SHUVRQYVJRDO WKHLUIUHH WLPH
7KLY SKDVH VWDUWYV ZLWK VHWWLQJ D JRDO 7KHYLUWXDO FRDFKH[SODL
DFKLHYDEOH LQDFFRUGDQFH ZLWK IRDM WHKWWLQWWKOG RBEDFK H[SODLQ\
XVXDOO\PHDVXUHG LQ WHUPV RI VWHSY SHU GD\ ZLWK D FRPPRQ JRDO E}
$FFRUGLQIJWR :DWWDQDSLV@W DQG/TKHDSMPHHGD\LY D FRPPRQUHFRPPHQ
LWLVFRPSDUDEOH WR WKH :+2fVUHFRPPHQGDWLRQ RI PLQXWHYV RI SK\
SHU ZHH® >7KH H[SHUW LQ ELRPHGLFDO VLIJIQDOVDQG V\VWHPV ZKRP ZH G

JRDOV KLIKHU WKDQ VWHSV PLIJKW EH PRUH VXLWDEOH IRU PRUH PRV
SHUVRQ LV JLYHQ WKH RSWLRQ WR FKRRVH VWHSV DV WKHLU JRDO E
DOWHUQDWLYHYV RI RU VWHSV LQOLQH ZLWK )9& LQ 7TDEOH

$IWHU WKHJRDO LV VHW WKH SHUVRQ LV DVNHG WR SURYLGH WKH WLP
$VFDQEHVHHQLQ 9RRYEBH DUH SUHVHQWHG ZLWK D WDEOH VLPLODU WR'V
LVVSOLWLQWR IRXUGLIITHUHQW WLPHVORWY 7KHYLUWXDO FRDFKLQVW!I
DFRUUHVSRQGLQJGD\WRLQGLFDWH WKDW WKH\DUHIUHHIRUDW OHDVW
WLPHVORWV WXUQJUHHQDQG GLVSOD\WKHWH[W ")UHH "$GGLWLRQDOO\
WLPH VORWYVY ZKHQ WKH\ KDYH WLPH 7KHVH WLPH VORWY VKRXOG VSDQ D
WKDW SHRSOH WU\WR VSUHDG RXW WKHLU DFWLYLW\WKURXJKRXW WKH Z
GD\ %RWKRIWKHH[SHUWV LQ KHDOWK SV\FKRORJ\DQG ELRPHGLFDO VLJ
SHRSOH VKRXOG DLP WR GR VRPH SK\VLFDO DFWLYLW\HYHU\GD\ UDWKHU
RQH GD\DQG QR SK\VLFDO DFWLYLW\RQ WKHRWKHU GD\V RI WKH ZHHN

JLIXUH 7KH WDEOH IRU VSHFLI\LQJ IUHH WLPHYV

%YHVLGHVY WKHWLPHV ZKHQ SHRSOHDUH IUHH WKHLQLWLDO SODQ DOV
PRUH HQHUJ\ WKDQ XVXDO )9& SDWKHU WKDQ DVNLQJIRU D SHUVRQYV
WKH YLUWXDO FRDFK RQO\ GLVWLQJXLVKHY EHWZHHQ ZHHNGD\V DQG ZH
SHRSOH WR UHFDOO WKHLU HQHUJ\ OHYHOV DW HYHU\ WLPH DQG LQ HYHL
JLIXUH 6LPLODUO\WR WKHWDEOHIRUIUHHWLPHY HDFKGD\LVVSOLWLQ
DVNHGWRVSHFLI\KRZPXFKHQHUJ\WKH\KDYH FRPSDUHG WR WKHLUDYH
SURYLGH WKLVIRUHYHU\ZHHN RIWKH SODQ EXWRQO\WRLQGLFDWH KRZ
DUHJXODU ZHHNGD\DQG GXULQJ D ZHHNHQG GD\ :KHQ FOLFNHG HDFK V
OHYHODQG WXUQVDGLIITHUHQW FRORXU WR KHOS HDVLO\GLVWLQJXLVK"
FUHDWHG XVLQJDQDFFHVVLEOH FR@ RXQG BIOHPW & XWQ QU DWRORXU SDO|
ZKLFK GLVSOD\V KRZWKH PRVW FRPPRQ FRORXU EOLQGQHV@W\SHYV ZRXO
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JLIXUH 7KH WDEOH IRUVSHFLINLQJHQHUJ\OHYHOV

'KHQ WKH JRDO WKH IUHH WLPHVY DQG WKH HQHUJ\ OHYHOV DUH DOO \
DQG GLVSOD\HG RQ WKH VFUHHQ 7KH SODQ LV SUHVHQWHG DV D YLVXDO
DV FDQ EH VHHQ LQ JHIRKRVH WKLV PHDQV RI GHSLFWLRQ VLQFH WKH FR
SODQ QHHG WR EH UHSUHVHQWHG LQ D PDQQHU WKDW PDNHV WKH SODQ H
VHYHUDO DOWHUQDWLYHV IRU WKLV VXFK DV WH[W LPDJHV RUERWK E.
YLVXDO UHSUH\@H QWRRVZRIQFK ZH FKRVH WR SUHVHQW RQO\ WKH YLVXDO
QRW VXLWDEOH IRURXU FKRLFHRID FKDW EDVHG PHGLXP

,Q J)LIXUHWKH SODQ VKRZQ VSDQV WKUHH PRQWKV ,Q IDFW HYHU\ SC
PRQWKY 7KH UDWLRQDOH EHKLQG VHWWLQJD IL[HG GXUDWLRQ IRU WKH
H[SHUW ZKR H[SODLQHG WKDW LQWHUYHQWLRQV W\SLFDOO\ GR QRW DLF
WKH JRDO LV WR HQDEOH SHRSOH WR SODQ IRU WKHPVHOYHVY HYHQWXDO
WKDW SODQV W\SLFDOO\ ODVW WZR WR WKUHH PRQWKV IRU JRDOV WKDW
NQRZ WKDW SODQQLQJWRRIDULQWR WKH IXWXUH LV GLIILFXOW VR VHW)
LV QHFHVVDU\ ,Q WHUPV RI WKH JRDO LW ZDV DOVR IRXQG WKDW GLVWD
> @ VR ZH SODFH WKH JRDO IDUHQRXJK IRUSHRSOH WR KDYH WLPH WR U
HIIRUW 7KXV WKHJRDO LV VHW DW VL[PRQWKY LQWR WKH IXWXUH

JLIXUHDOVR VKRZV WKH ILUVW WZR ZHHNV RI WKH SODQ GHVFULEHG LQ
LWLVLQGLFDWHG ZKHQ WKH ZDONLQJ DFWLYLW\VKRXOG EH GRQH DV ZH¢
WZR ZHHNV DIWHU WKRVH GLVSOD\ KRZ PXFK DQG KRZ RIWHQ WKH SHUVRC
7KHQ WKH VHFRQGDQG WKLUG PRQWKV LQGLFDWH KRZPXFK WKH SHUVRQ
WKDW PRQWK 7KH FKRLFH RIUHSUHVHQWLQJRQO\WKH ILUVW WZR ZHHN
VKRZLQJPRUH WKDQ D IHZ ZHHNV PLJKW EH RYHUZKHOPLQJ IRU SHRSOH )
WZR WKH GHFLVLRQ ZDV WR RQO\ GLVSOD\ WKH WRWDO GXUDWLRQ IRU W
ZHHN WRJLYHDQ DEVWUDFW LGHD RI ZKDW WKH SODQ ZLOO ORRN OLNH D
GRLQ WKHHQG



4PER GVIEXMSR 4LEWI

JLIXUH '"HSLFWLRQ RID SODQ

$vV ZDV DOUHDG\ QRWHG SODQV FRQWDLQ PXOWLSOH ZDONLQJ DFWLYL
FKDUDFWHUGWXW DRMRIL RWBKHH D F W L YV AWK D@&XGOW BIWWMIKPHHD FW LY L W\

(YVEXMSR
,W LV LPSRUWDQW WR ILUVW QRWH WKH UHSUHVHQWDWLRQ Rl WKH ZDON
KDYH GLVEXVVHG WKH JRDO LQ WHUPV RI VWHSY SHU GD\ ZKLOH WKH SOD
WKDQ VWHSY WRJLYH SHRSOHDQ LQGLFDWLRQ RI KRZORQJDQDFWLYLW
PLQXWHV RI ZDONLQJ WR EH HTXLYDOHQW WR WDNLQJ VWHSV VLQFF
PLQXWH FRUUHVSRQGYV WR PR@ HYR W H$IGN MWQ RIOM\OO\ WKH GXUDWLRQYV
SODQ DUH URXQGHG GXUDWLRQV LQ PLQXWHVY DUH URXQGHG WR WKH QF
EHFRPHV PLQXWHV ZKLOH GXUDWLRQV LQ KRXUV DUH URXQGHG WR W/
EHFRPHV KRXUV B5HVHDUFK KDV VKRZQ WKDW URXQGLQJQXPEHUV KHO
EHWWHU DFRXWXREWFK DOLJQV ZLWK )9& LQ 7DEOH

7KH GXUDWLRQ GHSHQGYV HQWLUHO\RQ WKH JRDO WKDW WKH SHUVRQ V
PDNH WKH DVVXPSWLRQ WKDW HYHU\ SHUVRQ LQFOXGLQJLQDFWLYH SHI

GD\>@ 7KHQ WKHJRDO RI VWHSV SHUGD\FRUUHVSRQGVWRDQLQFU
WKDW LV PLQXWHV SHU GD\ LQHYHU\GD\ RI WKHZHHN PHDQLQJ PLQ
D EDVHOLQH RI PLOXWHV RI ZDONLQJ DFWLYLWLHV LQ WKH ILUVW ZHH

ZHHN WKH SHUVRQ ZRXOG UHDFK WKHLUYRBE@MNRI 5H PR Q ® WH\WD MWQWNKKHI R D ¢
VL[ PRQWKY LQWR WKH IXWXUH PHDQLQJ ZHHNV 7KXV D OLQHDU LQFL
UHDFK WKLV JRDO $VLPLODUDUJXPHQWFDQ EHPDGHIRU WKHJRDOV RI
GLITHUHQFH EHLQJ WKDW WKHLQFUHDVH SHU ZHHN VKRXOG EH RU PL

7TGLIHYPIH XMQI
&ORVHO\UHODWHG WR WKHGXUDWLRQLVWKHVFKHGXOHG WLPHRIWKH D
EHGRQH :KHQ GHWHUPLQLQJWKHVHPRPHQWY ZH WDNHLQWRDFFRXQW



4PER GVIEXMSR 4LEWI

DQG WKHLUHQHUJ\OHYHOV ERWKRIZKLFK ZHUH VSHFLILHG LQ WKH VHFF

KHQ LQGLFDWLQJ WKH WLPH VORWYV ZKHQ WKH\ DUH IUHH SHRSOH DU}
VORWY ZKHQ WKH\DUHDYDLODEOHIRUDW OHDVW PLQXWHV &RQVLGHUI
R PLOQXWHY RI ZDONLQJ D PLQLPXP RI PLOQXWHY DUH UHTXLUHG LI IR
WKDQ IRXUWLPH VORWY DUH VSHFLILHG HQHUJ\OHYHOV FDQ DOVR EH W
IROORZYV

fIURP WKH OLVW Rl WLPH VORWY ZKHQ SHRSOH DUH IUHH ILUVW VHOH
VSHFLILHG WKHLUHQHUJ\OHYHO DYV "0OXFKPRUH WKDQDYHUDJH"

FWKHQ LIIRXUWLPHVORWY KDYHQRW\HWEHHQ SLFNHG UHSHDW WKL
WLPH VORWV DUH VHOHFWHG

tLI DWDQ\SRLQW VHOHFWLQJDOO VHOHFWLQJDOO WKH WLPH VORW)
PRUHWKDQIRXUWLPHVORWY VHOHFWHGLQWRWDO UDQGRPO\SLENYV
IRXULQ WRWDO IURP WKH FRUUHVSRQGLQJHQHUJ\OHYHO

1RWHWKDWLWLY QRW QHFHVVDU\WR FRQVLGHUHQHUJ\OHYHOV ZKHQ
SHUVRQ ,Q WKDW FDVH WKRVHIRXU WLPH VORWY QHHG WR EH VHOHFWH(

7KHODVW FRQVLGHUDWLRQLQ WHUPV RI WKHVFKHGXOHG WLPH RI WKH
EH 7KH SODQV VKRZQ WR WKH KHDOWK SV\FKRORJ\H[SHUW KDG DQ HQWL
UDWKHU WKDQ D VSHFLILF KRXU ZLWKLQ WKDW WLPH VORW )RU H[DPSOH
WKH HQWLUH HYHQLQJ GHVFULEHG DUELWUDULO\ DV ZDV UHVH
DJUHHG ZLWK WKLV UHSUHVHQWDWLRQ VSHFLI\LQJWKDW LWLV FOHDU )!
QRW VFKHGXOH WRR PDQ\DFWLYLWLHY ZKLFKFDQLQFOXGHDFWLYLWLH'
)9& 7TKLVFDQDOVR EH VHHZKIHUH WKHHGD\ LV VSOLW LQWR IRXU EORFN
GXUDWLRQ RIIRXU KRXUYV



%REP]WM

7KLV FKDSWHU DQVZHUV WKHIROORZLQJUHVHDUFK TXHVWLRQ

+RZ ZHOO FDQ UHLQIRUFHPHQW OHDUQLQJ VHOHFW SHUVXDVLYH VWU
G\DGLF SODQQLQJGLDORJXH WR PDNH SHRSOH

fVDWLVILHG ZLWK WKH GLDORJXH
FFRPPLWWHG WR WKH SODQ IRU WDNLQJ ZDONYV
FFRQILGHQW LQ UHDFKLQJ WKHLU JRDO

$ UHLQIRUFHPHQW OHDUQLQJPRGHOIRUGHWHUPLQLQJZKLFKSHUVXDYV
ZDVWUDLQHG ,WV SXUSRVHZDV WRRSWLPLVHWKHWKUHHIDFWRUV PHQ\
DQG FRQILGHQFH FRUUHVSRQGLQJ WR WKH UHZDUG 7R DQDO\VH WKH ¢
GLITHUHQW DVSHFWV ZHUH LQYHVWLIJDWHG WKURXJK VHYHUDO VXE TXHYV

7KH VWDWH FRQVLGHUHG LQ WKH UHLQIRUFHPHQW OHDUQLQJ PRGHO K
FRQILGHQFH SHUFHLYHG XVHIXOQHVYVY DQG DWWLWXGH DQG FRPSRQH
VLGHULQJ WKH FRPSRQHQWY UHODWHG WR WKH SHUVRQ LW LV SRVVLEC
LPSRUWDQW WR FRQVLGHU WKDQ RWKHUV )RUH[DPSOH VLQFH ERWK SHI
SODQQLQJ LWPLIJKWEHWKHFDVH WKDW RQHRIWKHP FDSWXUHV D SHUV|
WKDQ WKHRWKHU 7KHVWDWHVSDFHRI WKHUHLQIRUFHPHQW OHDUQLQJ
LQJ RQO\D VXEVHW RI WKH SHUVRQ UHODWHG IHDWXUHV LW ZRXOG EH S
VSDFH $VPDOOHUVWDWHVSDFHLVIDYRXUDEOHLQUHLQIRUFHPHQW OH|I
ORZHU FKDQFH RIWKHUH EHLQJ VWDWHV IRU ZKLFK WKHRSWLPDO SROLF\
GXHWRWKHUH QRW EHLQJ HQRXJK GDWD WR GHWHUPLQHDQ RSWLPDO DF
IHDWXUHVY ZRXOG PHDQ QRW QHHGLQJ WR DVN SHRSOH PDQV\UHSHWLWLYFH
ZRXOG SUHYHQW EUHDNLQJWKHIORZRIWKHFRQYHUVDWLRQ

JXUWKHUPRUH LWLVQHFHVVDU\WR GHWHUPLQHKRZPDQ\YDOXHV HDF
PD\EH D SHUVRQTV FRQILGHQFH FDQ EHIXOO\FDSWXUHG XVLQJWZR YDO>
DWWLWXGH UHTXLUHVY WKUHH YDOXHV VXFK DV QHIJDWLYH QHXWUDO D¢
TXHVWLRQ LV

4 :KLFKDVSHFWV RIWKHSHUVRQTV VLWXDWLRQDUHUHOHYDQW WR

$IWHU GHWHUPLQLQJ ZKDW DVSHFWV RI WKH SHUVRQYV VLWXDWLRQ W
LQYHVWLIDWH LI WKH VWDWH SURYLGHVY DJRRGLQGLFDWLRQ RI WKH UHZ
VWDWH RI D SHUVRQfYVY GLDORJXH ,Il WKLY VWDWH FRXOG DFFXUDWHO\ S
ZRXOG PHDQ WKDW WKH VWDWH JLYHV DJRRG LQGLFDWLRQ RI ZKHWKHU
SODQ FRQILGHQW WKDW WKH\ FDQ UHDFK WKHLU JRDO DQG VDWLVILHG
VXE TXHVWLRQ LV

4 +RZZHOOFDQ VWDWHV DW WKHHQG RI WKHGLDORJXH SUHGLFW WK



1IXLSHW

:KLOH VWDWHY DW WKHHQG RI WKH GLDORJXH PLIJKW SURYLGHDQ LQVL
WKHGLDORJXHFRXOGDOVRJLYHLQVLIKWLQWRIXWXUHVWDWHYV ORUHYV
WKHSHUVRQ ZLOOEHLQDIWHU WKHYLUWXDO FRDFK XVHV RQH RI LWV SH
WKH VWDWH DIWHU D SHUVXDVLYH VWUDWHJ\ LV IDYRXUDEOH VLQFH LW
WKDW KDV D EHQHILFLDO LPSDFW RQ WKH SHUVRQTV IXWXUH VWDWH DQC
LPSURYLQJ WKHLU DWWLWXGH WRZDUGYV SODQQLQJ $V VXFK WKH WKLUG

4 +RZZHOOFDQ VWDWHY EDVHG RQ WKH SHUVRQTV VLWXDWLRQ SUH
VWUDWHJI\ XVHG E\ WKH FRQYHUVDWLRQDO DJHQW"

$00 RI WKH TXHVWLRQV GLVFXVVHG WKXV IDUJLYHDQ LQVLIJKW LQWR
IRUVHOHFWLQJ SHUVXDVLYH VWUDWHJLHY EDVHG RQ D SHUVRQYV VWDW
IHDWXUHV VWDWHYVY DQG IXWXUH VWDWHV WKHRSWLPDO PRGHO DOVR L
ZKLFK SHUVXDVLYH VWUDWHJ\VKRXOG EH XVHG DQG ZKHWKHU WKLV SHU
WKDW D SHUVRQ LV LQ 7KHIRXUWKUHVHDUFK VXE TXHVWLRQ LV

4 :KDWLVWKHRSWLPDO SROLF\IRUSHUVXDGLQJ SHRSOH WR IROOR:

2QFH WKH RSWLPDO SROLF\ LV GHWHUPLQHG ZH FDQ IXUWKHU LQYHVW
VWDWH FKDQJHYVY ZKHQ IROORZLQJDQ RSWLPDO SROLF\ LWLV SRVVLEOH
DUH QHFHVVDU\ WR UHDFK WKH HQG RI WKH GLDORJXH $GGLWLRQDOO\ L
RI SHRSOH ZRXOG UHDFK VWDWHYV LQ ZKLFK WKH\ DUH OLNHO\ WR EH SHL
IRU SK\VLFDO DFWLYLW\ DV WKLV ZRXOG LQGLFDWH D VXFFHVVIXO SHUYV
TXHVWLRQ LYV

4 :KDWLVWKHHIIHFWRI PXOWLSOH RSWLPDO SHUVXDVLYH VWUDW

$Q RSWLPDO SROLF\ LV FRPSXWHG E\VHOHFWLQJ WKHDFWLRQ ZKLFK KI
W LQGLFDWHY ZKLFK DFWLRQ WR WDNH LQ D VSHFLILF VWDWH 7KHUHIRI
ZRXOG SRWHQWLDOO\ PHDQ WKDW D GLITHUHQW DFWLRQ VKRXOG EH GRQ
HIDPSOH SLFNVWKHORZHVW4 YDOXHLQ WKH4 WDEOH %\FRPSDULQJ Wk
LQVLIKWLQWR WKH HITHFWV RI WKH DFWLRQV FKRVHQ RQ WKH UHZDUG DV
KDYH D VLPLODU UHZDUG DW WKH HQG RI WKH GLDORJXH LW PHDQV WKD\
VLIWKUHVHDUFK VXE TXHVWLRQ LV

4 +RZGRGLIITHUHQW SROLFLHY SHUIRUP FRPSDUHG WR WKH RSWLPD

1IXLSHW

7TRDQVZHUDOO WKH UHVHDUFK TXHVWLRQVY DQ REVHUYDWLRQDO VWXG\ :
GDWD IRU EXLOGLQJ WKH PRGHO %HIRUH VWDUWLQJ WKH VWXG\ DOO W
DQDO\VLVZHUHUHJLVWHUHG ZLWK WKH 2S KD §KIHHABF HQUW RXPBRIQPN 2\GH DU
(WKLFV &RPPLWWHH +5(& DSSURYHG WKH VHWXS RI WKH VWXG\ +5(& UHI

1EXIVMEPW

7KH SODWIRUEZBVROHIGFRU UHFUXLWLQJ SDUWLFLSDQWY ZKRVH GDWD Z
IHUHQW PHDQV )RU WKH SUH VFUHHQLQJ DQ&BRWW H & HERWL R @/@RDALWHD/W 4
TXHVWLRQQDLUHVDQG WRJIJDWKHU WKHUHVSRQVHV )BDWKEDARRAMHWYVD'
XVHG WR VWRUH WKH SDUWLFLSDQWTV UHVSRQVHV ZKLFKZHUH SDUW RI W
D 3RVWJUIBBMWDEDVH ZDV XVHG WR WUDFN WKH HQWLUH FRQYHUVDWLRQ
YLUWXDO FRDFK GHYHYRSOWGRA)Y WK 50-MIH KRVWHG RQ *RRITKHERIPVERWH (Q
JDWKHUHG LV DY DL OQEOWMKIHVWERGH IRU WKH YLUWX®@O FRDFK LV DYDLODEC

$GGLWLRQDOO\ GDWDIURP SUHYLRXVUHVHDUFKZDV XVHGIRURQHRIW
IURP $OEHUV@GHADODYXVHG DV LW DOVR FRQWDLQHG WHVWLPRQLDOV IURP

2iiTbh,ffrrrXT " QHB7B+X+QKf
2iiTh,ffrrrX[m Hi'B+bX+QKf
2iiTbh,ffrrrXKvb[HX+QKf
21iTb,ffrrrXTQbi; " 2b[HXQ";f
?2iiTb,ff" b X+QKf

2iiTh,ff+HQM/X;QQ;H2X+QKf+QKTmi2



1IXLSHW

EH XVHIXO 7KHVH WHVWLPRQLDOV ZHUH XVHG WR IRUPXODWH WKH PHV)
WHVWLPRQLDOV RIRWKHU SHRSOH ZKR XVHG SODQV WR UHDFK WKHLU JRI

1IEWYVIW
SBULPDU\ PHDVXUHV
7KHSULPDU\PHDVXUHVDUHWKHRQHV XVHGWRGLUHFWO\DQVZHU WKH Ul
PHDVXUHG

9DULDEOHV ZKLFK DUH SDUW RI WKH VWDWH FRQILGHQFHLQIROORZL!
QLQJ DQG DWWLWXGH WRZDUGYV SODQQLQJ

D&RQILGHQFH LQ IROOREKLQJIYDPOUDROEOH ZDV PHDVXUHG E\ DGDSWLQ
XVHG WR PHDVXUH FRQILGHQF® LDKIRTRIMWMMRDE@ DV UHIRUPXODW FH
FRQILGHQFH LQ IROORZLQJ WKH SODQ E\UHSODFLQJ WKH VXEMHF
FRQILGHQFHLQ IROORZLQJWKH SODQ 9DOXHV UDQJHG IURP WR

E3HUFHLYHG XVHIXOQHVVKRI\VSODWYIPEH ZDV PHDVXUHG E\ DVNLQJ
7R ZKDW H[WHQW GR \RX WKLQN SODQQLQJFDQ KHOS RUKLQGHU \]
D WR VFDOH IURP , WKLQN LW FDQ KLQGHU PH YHU\ PXFK~ WR
PXFK ~EDVHG RQ WKH WHFKQRORJ\ DFFHSWD @F Hi ¥ RGIHAD WM G\ ' [
WR XVH D VLQJOH TXHVWLRQ IRU HDFK PHDVXUH WKH IDFWRU ORE
PHDVXUH DVSHFWV Rl WKH 7$0 FDOFXODWHG E\ /DUP®VHDK 'HVPH
XVHG WR GHWHUPLQH ZKLFK TXHVWLRQ RI WKH 7$0 WR SLFN

FSWWLWXGHWRZDWEVYLEPDQRRBHOH ZDV PHDVXUHG E\DVNLQJ ODNLQ
ZDONVLVY “RQD WR VFDOHIURP %DG WR *RRG ~"EDVHG RQ W
JUDQFLV H® DO >

O9DULDEOHV ZKLFK DUH SDUW RI WKH UHZDUG VDWLVIDFWLRQ ZLWK WK
ZHHNV RI WKH SODQ FRPPLWPHQW WR WKH ZKROH SODQ DQG FRQILGH

D6DWLVIDFWLRQ ZLWKMWKW GDDDODMREH®H ZzDV PHDVXUHG E\ DVNLQJ "+R
GLVVDWLVILHG ZHUH\RX ZLWK WKH GLDORJXH"" RQ D WR VFDOH
",DP YHU\VDWLVILHG "7KHTXHVWLRQ ZDV EDVH ®& RRQKHAMHUW K HE \ -
DXWKRUV DVN IRUVXEMHFWLYH VDWLVIDFWLRQ DQG DGDSWHG WR

E &RPPLWPHQW WR IROORAKHITMWHWWIBRD@VNHG WR PHDVXUH FRPPLW
LQJWKHILUVWWZR ZHHNV RIWKH SODQ ZDVDGDSWH®EDKH G RQ Ut
TXHVWLRQ ZDVDGDSWHG WR WKH GRPDLQ RI WKH VWXG\ E\ VSHFLI
ZDONV EVIROORZLQJWKHSODQ IRUWKHILUVW WZR ZHHNV 7KH VDF
WKHHQWLUH GXUDWLRQ RI WKH SODQ ZDV DVNHG WR PHDVXUH FR
VFDOH UDQJHG IURP WR ", VWURQJO\GLVDJUHH " WR ", VWURQJ

F&RQILGHQFH LQ UHDFKTZRUWWHJIREOH ZDV PHDVXUHG E\ DGDSWLQ
XVHG WR PHDVXUH FRQILGHQF® LRKIHRURHMWMMWRDDZ DV UHIRUPXODW
FRQILGHQFH LQ UHDFKLQJ WKH JRDO E\UHSODFLQJ WKH VXEMHEFYV
FRQILGHQFHLQ UHDFKLQJ WKHJRDO 7KHVFDOHUDQJHGIURP WR

'"HPRIJUDSKLF PHDVXUHV
'"HPRJUDSKLF PHDVXUHV DUHWKH RQHYV ZKLFK DUHJDWKHUHG IRU SDUWL|

OHDVXUHV IURP BHRGIOHKY DIH JHQGHU DQG ZHHNO\ SK\VLFDO H[HU
IURP SUROLILF DORQJZLWK WKHLU QXPEHU RI FRPSOHWHG VWXGLHYV |
/HLVXUH WLPH SK\VLFEEG DPRXQMWVRI SK\VLFDO DFWLYLW\ SHRSOH GR
DVNLQJ WKHP WR ILOOLQ WKH*RGLQ 6KHSKDUG OHLVX@H WLPH SK\VL
6WDWH RI FKDQJH IRU SK\WHLIFDODDDFRHDVWUHG XVLQJ DQ DGDSWDWLRC
VKRUW IRUP IRUH[HURR VKE\RULIEQDO TXHVWLRQ ZDV DGMXVWHG WR
RIZKDW SK\VLFDODFWLYLW\LV [@FPKRGOCLKHQMRWKGISHRSOH LIWKH\D
DFWLYHDFFRUGLQJWR WKLV GHILQLWLRQ



1IXLSHW

6HFRQGDU\ PHDVXUHYV ZHUH WKH RQHV JDWKHUHG IRUWKH H[SORUDWRU\

JUHTXHQF\ Rl SODQQLQ%DVMGERIQVREAWDUWLFOH RQ PHDVXULQJ EHKDY
SXEOLVKHG E\ 4X® OWRLFXHVWLRQV DERXW IUHTXHQF\ RI SODQ FUHDW
WKH SDVW PRQWKY KRZ PDQ\SODQV IRUWKLQJV\RX QHHG WR GR LQ
“,Q WKH SDVW PRQWKVY KRZPDQ\SODQV IRUWDNLQJZDONV GLG \RX F

(OQMR\PHQW RI SODQQLG@ZPFWHYWWRBY UHJDUGLQJ HQMR\PHQW RI FU
DVNHG DGDSWHG EDVHG RQ 7KH *URQLQJHQ (QMR\PHQWR4BEBWLRQQ
UHIRUPXODWHG WR UHIOHFWHQMR\PHQW RI FUHDWLQJSODQV UDWKH L

2SLQLRQV UHJDUGLQJ WKH LQWH UDKWILRW HDWIFWKR @ EH@MHHQ WKH
WKH YLUWXDO FRDFK ZDV HYDOXDWHG LQ WHUPV RI WKH SHUVRQTYV R¢
EHOLHYDELOLW\ XVDELOLW\ SHUIRUPDQFH DQG RSLQLRQV UHJDUGL
WDQFH XVHU HQJDJHPHQW DQG XVHU DJHQW LQWHUSOD\ 7KH TXHV
VKRUW IRUP RI WKH $UWLILFLDO 6RFLDQ@JHQW $6%$ 4XHVWLRQQDLUF

ORWLYDWLQJDQG GHPRWLYDWLQJ DV SHBW VY RLISDKMNW IVOAMW K UHDIFWVANLHRE W F
WKHIROORZLQJTXHVWLRQV ":KDW SDUW RI\RXU FRQYHUVDWLRQ ZLYV
\RX LQWHUPVRIIROORZLQJWKH SODQ"" DQG ":KDW SDUW RI\RXU FRQ"
GHPRWLYDWLQJIRU\RX LQWHUPV RIITROORZLQJ WKH SODQ"’

2WKHU PHDVXUHV ZKLFK ZHUH JDWKHUHG EXW QRW XVHG LQ WIKH DQDO\V
7TKHVH LQFOXGH SHRSOHYY WDNHDZD\V IURP WKH WHVWLPRQLDOV WKH\ Z
QLQJFDQ KHOS WKHP EHFRPH PRUH SK\VLFDOO\DFWLYH DQG GHVFULSWI

4EVXMGMTERXW

6DPSOLQJ SURFHGXUH
3DUWLFLSDQWY ZHUH UHFUXOWNQMWEKQB XXIOBURMQGFSDLG EDVHG RQ WK
UXOHV RQ 3UROLILF PLQLPXP .. SHU KRXU 3HRSOH ZKR@ HDWHWHKH LV W |
WLPH WKLV VWXG\ ZDV UXQ ZHUH H[FOXGHG IURP SDUWLFLSDWLQJ %DVH
TXHVWLRQQDLUH SDUWLFLSDQWY ZHUH LQYLWHG WR WKH FRQYHUVDWL|
ZDV SHRSOH ZKR DUH LQDFWLYH RU XQILW 7R GHWHUPLQH LI D SHUVRQ L\
ZHHNO\ DPRXQW Rl H[HUFLVH HQWHUHG RQ 3UROLILF WKHLU VWDWH RI
DFWLYH DQG WKHLU DPRXQW RI H[HUFLVH DFFRUGLQJ WR WKH *RGLQ 6K
TXHVWLRQQDLUH 7KXV RQO\SHRSOHZKRDQVZHUHG "1HYHU PLQXWH
RIWHQ GR \RX HQJDJH LQ SK\VLFDO H[HUFLVH SHU ZHHN"" RQ 3UROLILF C
SUHSDULQJ VWDWH RI FKDQJH IRU SK\VLFDO DFWLYLW\ ZHUH HOLJLEOH IR
RQHV ZKLFK TXDOLILHG DV ~,QVXIILFLHQWO\ $FWLYH 6HGHQWDU\" LQ WKF
DFWLYLW\ TXHVWLRQQDLUH ZHUH UHFUXLWHG ILUVW

%HIRUH UXQQLQJ WKH VWXG\ ZH GHFLGHG WR DGG SHRSOH ZKR TXDOL
*RGLQ 6KHSKDUG OHLVXUH WLPH SK\WLFDO DFWLYLW\ TXHVWLRQQDLUH L
LILHG DV ,QVXIILFLHQWO\$FWLYH 6HGHQWDU\ "~ 'XULQJWKH H[SHULPHQW
QRW HQRXJK VHGHQWDU\ SHRSOH WKXV PRGHUDWHO\DFWLYH SHRSOH Z}

%DVHG RQ WKH OLVW Rl HOLJLEOH SDUWLFLSDQWY SHRSOH ZKR ZHUH
SURGXFH D EDODQFHG VDPSOH DFURVV JHQGHU $GGLWLRQDOO\ ZH DOV
EDVHG RQ WKHLU FXUUHQW VLWXDWLRQ WKHLUFRQILGHQFH SHUFHLYHC
PDNHDOO SRVVLEOH VWDUWLQJVWDWHV RIWKHUHLQIRUFHPHQW OHDUQ|

&RQVLGHULQJ WKH SRVVLELOLWLHVY IRUWKH SHUVRQYV VLWXDWLRQ SC
LQJ VWDWHY FRUUHVSRQGLQJ WR DOO SRVVLEOH FRPELQDWLRQV RI WK
SHUFHLYHG XVHIXOQHVYVY DQG WZR OHYHOV IRUDWWLWXGH ZKLFK ZHUH F
REWDLQ D SHUIHFWO\EDODQFHG GLVWULEXWLRQ DFURVV VWDUWLQJ VW]
SDUWLFLSDQWY VLQFHWKHGXUDWLRQRIWKHVWXG\ZDVUHVWULFWHG W
SOHWHG WKH SUH VFUHHQLQJ TXHVWLRQQDLUHDQG ZHUH HOLJLEOH ZHU
VHVVLRQ UHJDUGOHVV RI VWDUWLQJ VWDWH EXW EDODQFHG DFFRUGLQ
SDUWLFLSDQWY DQG WKHLU FKDUDFWHULVWLFV FDQ EHVHHQ LQ 7DEOH

2iiTh,ffrrrXT ' QHB7B+X+Qf



1IXLSHW

6DPSOH VL]H DQG SRZHU
*XLGHOLQHV E\ @RKHULH>XVHG WR JHW DQ LQGLFDWLRQ IRU WKH QXPEHU F
WKDQ QXPEHU RI SDUWLFLSDQWY (DFK VDPSOH ZDV UHSUHVHQWHG E\ C
WXSOH JDWKHUHG IURP WKH FRQYHUVDWLRQ ZLWK -DPLH $FFRUGLQJ WR
ZLWK LQGHSHQGHQW YDULDEOHV WZR RIWKHWKUHH YDULDEOHV IRU D ¢
RIWKHILYHDFWLRQV DVDPSOH VL]H RI LV QHHGHG WRRESYRIZHWMH D PH:
*LYHQ WKDW WKH QXPEHU Rl SRVVLEOH SHUVXDVLYH VWUDWHJLHV L\
102 5=510 VDPSOHV RI VWDWH DFWLRQ QH[W VWDWH UHZDUG WXSOHYV
ZDV

7DEOH 3SDUWLFLSDQW FKDUDFWHULVWLFV IURP WKH SUH VFUHHQLQJ  TXHVW

7TRWDO

$JH

OHDQ

BWDQGDUG GHYLDWLRQ
5DQJH

*HQGHU

0DQ

‘RPDQ

1RQ ELQDU\

*RGLQ 6KHSKDUG OHLVXUH WLPH SK\VLFDO DFWLYLW\|TXHVWLRQQDI
 QVXIILFLHQWO\ $SFWLYH 6HGHQWDU\
ORGHUDWHO\ $FWLYH

770 VWDJH IRU EHFRPLQJ PRUH SK\WLFDOO\DFWLYH
&RQWHPSODWLQJ

3UHSDULQJ

$YHUDJH QXPEHU RI SODQV FUHDWHG LQ WKH SDVW WKUHH PRQWKV
30DQVIRUWKLQJY WKDW QHHG WR EH GRQH
30DQV IRU ZDONLQJ
(QOMR\PHQW RI FUHDWLQJ SODQV
30DQVIRUWKLQJYV WKDW QHHG WR EH GRQH
30DQV IRU ZDONLQJ

4VSGIHYVI
3LORW VWXGLHYV
$ SLORW VWXG\ZDV UXQEHIRUH WKH®P DQBY\RKQEHW Z HMR AKX UH W K D W
WKUHH VWHSV RI WKH VWXG\ ZHUH ZRUNLQJ DV LQWHQGHG %DVHG RQ WK
VRPHRIWKH GDWD WR WKH GDWDEDVH ZHUH IL[HG DQG WKH PHDVXUHV Z}
VEDOHV DGMXVWHG WR
$QRWKHU SLORW VWXG\ ZDV UXQ D VWG DRIG X QEHW ZHW R WEWXUH WKDW
WKH GDWD ZDV JDWKHUHG SURSHUO\DQG WKDW WKH QHZ VFDOHV SURY L
SLORW GLG QRW UHYHDO DQ\ PLVVHG EXJV RU HUURUV $V VXFK WKH GD\
WKH DQDO\VLV VDPSOHV IURP IRXU SHRSOH ZHUH SURYLGHG E\ WKLV S
VWDWLVWLFV UHSRUWHG HDUOLHU $00 SDUWLFLSDQWV LQ WKH SLORWYV

6WXG\GHVLJIQ
7KH VWXG\ ZDV REVHUYDWLRQDO DQG FRQVLVWHG RI WKUHH VWHSYV

JLUVW SDUWLFLSDQWY ZHUH LQIRUPHG DERXW WKH VWXG\ DQGILOO
ZKLFKLQFOXGHGD FRQVHQW IRUP 7KHSUH VFUHHQLQJDOVRJDWKHU
LQWHUPV RIFRQILGHQFHLQIROORZLQJSODQV SHUFHLYHG XVHIXOQ
WRZDUGYV SODQQLQJ 7KHTXHVWLRQQDLUH WRRNDERXW ILYHPLQXWI
S3DUWLFLSDQWY ZKR ZHUH HOLJLEOH WR SDUWLFLSDWH LQ WKH LQWHL
FRPSOHWLQJWKHSUH VFUHHQLQJ %HIRUHWKHLQWHUDFWLRQ SDUV



1IXLSHW

FRDFKDQG WKHJRDO RI WKHLQWHUDFWLRQ 7KH\ZHUH WROG WKDW V
WKH YLUWXDO FRDFK WKURXJK FKDW DQG WKDW WKH SXUSRVH ZDV W
EULHI HISODQDWLRQ RI ZK\ WDNLQJ ZDONV LV D JRRG ZD\WR EHFRPH F
SURYLGHG WR WKH SDUWLFLSDQWY 7KHLQWHUDFWLRQ WRRN DERXW

$IWHUWKHLQWHUDFWLRQ SDUWLFLSDQWY ZKR VXFFHVVIXOO\FRPSO
LQDSRVW TXHVWLRQQDLUH UHJDUGLQJWKHLU RSLQLRQV RIWKHYLU
TXHVWLRQQDLUH WRRN DERXW WKUHH PLQXWHYV

7KH SURFHGXUH IRU JDWKHULQJ WKH GDW KW VYKRZW V@ PUHKBHRSOH |
FOXGHG LI WKH\DFFHVVHG WKH VWXG\IURP D PRELOH GHYLFH ,W ZDV VSt
WKDW WKHLQWHQGHG GHYLFHWR SDUWLFLSDWHIURP ZDV D GHVNWRS GH
YHUVDWLRQDO VHVVLRQ QHHGHG SOHQW\ RI VSDFH WR GLVSOD\ WKH FKD
WKH VDPH WLPH ZKLFK ZDV QRW SRVVLEOH RQ PRELOH GHYLFHV $IWHU W
WKHUH ZHUH VWLOO IRXU SHRSOH ZKR GLG QRW FRPSOHWH WKH SRVW TX
E\WKHP LQ WKH SRVW TXHVWLRQQDLUH ZDV QRW XVHG ZKLOH WKH FRQY
WKH DQDO\VLYV



1IXLSHW

JLIXUH 2YHUYLHZ RI WKH VWDJHV RI WKH VWXG\DQG H[FOXVLRQ FULWHULD DQG



6IWYPXW

(EXETVI TVSGIWWMRK ERHEREP]WMW

$IWHU JDWKHULQJ WKH GDWD LW ZDV ILUVW FOHDQHG XS LQ 3\WKRQ 'DV
IURP WKH DQDO\VLYV ZDV UHPRYHG DQG WKH UHPDLQLQJ GDWD ZDV DQRQ\F
DFWLRQ QH[WVWDWH UHZDUG WXSOHV QHHGHGIRUWKHDQDO\VLV GDW
KDG WR EH FRPELQHG WR FUHDWH WKH VDPSOHV

$GGLWLRQDOO\ WKHUH DUH VWDWH DFWLRQ SDL& VERQFZHKWKKHW K DWH L
VWDWHYV ZKLFK FRXOG RFFXULQD UHDO OLIHVHWWLQJ WKH\ZHUH NHSW
OHVV IUHTXHQWO\LQ WKH GDWD ,Q RUGHU WR KDYH HQRXJK UHSUHVHQW
ZHLPSXWHG VDPSOHV GXULQJWKHDQDO\VLY ,PSXWLQJLVGRQHGLIIHUH
LV FRQVLGHUHG LQ HDFK TXHVWLRQ LQ WKH DQDO\VLV

7KH UHTXLUHG QXPEHU RI VDPSOHV ZDV ,RDIOFRRY WOH Q VWWKBIVEHW ¥ R |
VLWXDWIKRHQH DUH IRXU SRVVLEOH VWDWHV DQG ILYH SRVVLEOH DFWLR
DFWLRQ FRPELQDWLRQV 'LYLGLQJ E\ JLYHV PHDQLQJWKDW IRUVV
VDPSOHV DGGLWLRQDO VDPSOHV ZHUH LPSXWHG )RU H[DPSOH LI WKHU
SDLU WKH UHVXOWLQJ UHZDUG XVHG LQYRHWIKQDRWLUVLZBRRPEHER HAXDO
15 Rl WKH PHDQ UHZDUG RI DOO VWDWHY DQG WKH SUREDELOLW\RI WUDQ
WR RI WKH RULJLQDO SUREDELOLW\ RI WUD&W{WEZRQERLWR KB IS& R EDE L\
RIWUDQVLWLRQLQJWRDUDQGRP QH[W VWDWH 7KLV NLQGRILPSXWDWL
SROLF\ VLQFHWKHDOWHUQDWLYH ZDVWRLPSXWHIRU SRVVLEOHVWDYV
ZKHQ WKHUH ZHUH OHVV WKDQ WKUHH VDPSOHV VLQFH GLYLGHGE\ L
LV QRW HQRXJK WR SURYLGH UHSUHVHQWDWLYH VDPSOHV IRUHDFK RI WK

6LPLODUO\ LI 2ZHWRWNYEKUFK RQO\ FRQWDLQ ZKDW DWW HRG\DKBIYH EH |
SRVVLEOH VWDWHY EXW QRW DOO ILYH DFWLRQV DUH SRVVLEOH LQ HDFK
DFWLRQ SDLUV DQG GLYLGLQJ E\ JLYHV PHDQLQJWKDW WKH PHDQ
OHVV WKDQ VDPSOHV KDG DGGLWLRQDO VDPSOHV LPSXWHG GXULQJ WKI
FDQ DOVR EH XVHG LQ WKLV FDVH E\UHSODFLQJWKH ZLWKDQ

$IWHU FDOFXODWLQJWKHVHDGMXVWHG YDOXHV IRUWKH VWDWH DFWL
SRVVLEOH WR DQVZHU WKH UHVHDUFK VXE TXHVWLRQV OLVWHG DW WKH
PHQWV UHJDUGLQJ WKH DQDO\VLV ZHUH PDGH WR WKH RULJLQDO 26) IRU
RI D FUHGLELOLW\ LQWHUYDO ZHUH LQWHUSUHWHG DV DQ LQGLFDWLRQ F
QRQ RYHUODSSLQJLQWHUYDOV B6HFRQG WKH VL[WK TXHVWLRQ ZDV FKLC
RI DFWLRQV GHSHQGLQJ RQ LQLWLDO VWDWHY WR RQH FRPSDULQJ GLIIH
SHUIRUPDQFH RI WKH RSWLPDO SROLF\

6RPHRIWKH TXHVWLRQV UHTXLUHG FRPSXWLQJ4 YDOXHV 7KLV ZDV GR
%HOOPDQ HTXDWLRQ ZKHUH WKH GLVFRXQW IDFWRU ZDV VHW WR $G
FUHGLELOLW\LQWHUYDOV ZHUH FRPSXWHG DFFRUGLQ@ WR WKH JXLGHOL

6IWYPXW

5 ;LMGLEWTIGXWSJXLITIVWSR WWMXYEXMSREVIVIPIZI

hREP QSHIP#

7R VHOHFW IHDWXUHV IRUWKH UHLQIRUFHPHQW @B WXYIHE FRE DD IWKHW
ZDV PRGLILHG WR DFFRPPRGDWH IHDWXUHV ZKLFK KDYH PRUH WKDQ WZF
IROORZLQJ FKDQJHV )LUVWWVGYVWHDEYRIGRNBL QRIUDVLIQLILFDQFH DQ DQ
YDULDQFH $129% ZDV XVHGS YWOROREHWBRUQY MK$HRQGLQJ WR SLFNLQJ D IHDW X
EORFNV ZHUH VSOLW LQWR VXE EORFNV E\ SLFNLQJD IHDWXUH WKH QH[W
PRVWUHOHYDQW DFURVV DOO VXE EORFNV UDWKHU WKDQ D SRVVLEO\ Gl

7KH * DOJRULWKP ZDV XVHG WR GHWHUPLQH ZKLFK SDUWV RI D SHUVRC
RSWLPDO SROLF\ 4 YDOXHV 4 YDOXHV ZHUH XVHG WR SLFN ZKLFK IHDW X
RIWKHUHLQIRUFHPHQW OHDUQLQJPRGHODQG WKHEDVLVIRUIRUPLQJ W
$GGLWLRQDOO\ WKHDOJRULWKP FRXOG VHOHFWEHWZHHQ WZR WKUHI
JRUWKH FDVH ZKHUH WKH DOJRULWKP FKHFNHG LI WKH IHDWXUH VKRXOG
WKH'" SHUFHQWLOH UHVXOWYT QURM'QSMIRE M BAMIDWAR 'GSHUFHQWLOH ZLW'k
VLPLODU VSOEWWBW S\ KHFHQWLOHY ZKHQ WKUHH YDOXHV ZHWH FKHFNHG
h DQG" SHUFHQWLOHY ZKHQ IRXU SRVVLEOH YDOXHV ZHUH FKHFENHG

2QO0\WZR IHDWXUHV ZHUH VHOHFWHG VLQFH WKH REMHFWLYH ZDV WR |



6IWYPXW

RQHRIWKHWKUHHIHDWXUHV ZKLFK PDNH XS WKH SHUVRQYV VLWXDWLRQ
ZDV DOORZHG WR KDYH WZR YDOXHV DQG SHUFHLYHG XVHIXOQHVV ZKLFFk
SURFHVV IRUVHOHFWLQJ WKH IHDWXUHV DQG YDOXHV LV H[SODLQHG LQ G

1H[W WKH GDWD ZDV UHVWUXFWXUHG WR DOORZ WKH VWDWHY WR UHIC
IROORZLQJ TXHVWLRQV VWDWHV RQO\FRQWDLQ FRQILGHQFH ZLWK WZR \
YDOXHV DV SDUW RI WKH SHUVRQYTV VLWXDWLRQ

5 ,S[[IPPGERWXEXIWEXXLIIRHSJXLIHMEPSKYITVIHMG:

MRK VI[EVHW #
, I VWDWHY DW WKH HQG RI WKH GLDORJXHJLYH DQ DFFXUDWH SUHGLFWL|
PHDQV WKRVH VWDWHY DUH D JRRG LQGLFDWLRQ RI WKH SHUVRQYTV FRPP
FDQ SUHGLFW WKHUHZDUGY ZH XVHG OHDYH RQH RXW FURVY YDOLGDWL
ZHOO D PRGHO FRXOG SUHGLFW WKH UHZDUG RIWKHHQG VWDWH XVLQJ W

WDNLQJ WKH PHDQ UHZDUG RIDOO HQG VWDWHVY DQG XVLQJ LW WR SUF

WDNLQJ WKH PHDQ UHZDUG RIDOOHQG VWDWHY WKDW ZHUH WKH VDPH
PHDQ WR SUHGLFW WKHUHZDUG RI WKH OHIW RXW VDPSOH

JRUERWK RIWKHVHDSSURDFKHY WKHPHDQ/ HUURU ZDV FRPSXWHG 7|
ZDV FRQVLGHUHG WR EH EHWWHU IRU SUHGLFWLQJ WKH UHZDUG VLQFH I
$GGLWLRQDOO\ IRUHDFK VWDWH WKH PHDQ UHZDUG DW WKH HQG RI WK
WKLY TXHVWLRQ FDQ EH VEKRUKRDRDIKAUVMHKH SHUVRQTV VLWXDWLRQ LV GLV
7KH EDUV VKRZ WKH PHDQ SUREDELOLWLHYVY RI WKH SUHGLFWLRQ EHLQJ F
WKH FUHGLELOLW\ LQWHUYDOV 7KH VROLG OLQH LV WKH PHDQ UHZDU
GDVKHG OLQH LV WKH PHDQ UHZDUG RI WKH HQG VWDWHY SHU VWDWH ,Q
1T 7T@ FRUUHVSRQGLQIJWRORZFRQILGHQFHDQG ORZ SHUFHLYHG XVHIXOC
WKH GLDORJXH ZKLOH WKH VDWH>T9 T7@ FRUUHVSRQGLQJWR KLJK FF
LVWKHRQH ZLWK WKH KLIKHVW UHZDUG 7KHVWDWH>71 1 1 Y@ DOVR KDV
VR KLJK SHUFHLYHG XVHIXOQHVYVY VHHPV WR FRUUHVSRQG WR D KLJKUHZD

JLIXUH 7KH PHDQ / HUURUV IRUWKH WZR DSSURDFKHVY DQG WKH PHDQ UHZDUGYV SHU VWDWF

fSHUFHLYHG XVHIXOQHVVYI@ )RUERWKFRQILGHQFHDQG SHUFHLYHG XVHIXOQHVYV ¢ T1PH

ZKLOH Y fPHDQV KLIJKFRQILGHQFH RU SHUFHLYHG XVHIXOQHVYV 7KHD[LV RQ WKH OHIW VKF
ULJKW VKRZV WKH PHDQ UHZDUG

JURP WKH PHDQV ZKLFK RYHUODS WKH FUHGLELOLW\LQWHUYDOV LWLV
VLPLODU UHVXOWY H[FHSW IRU WKH VWDWH >T T 1T @ 7KLV LV OLNHO\C
IURP WKH PHDQ UHZDUG RIDOO WKH VWDWHYV ZKLFK PHDQV WKDW SUHGL



6IWYPXW

PHDQ UHZDUG RIDOO VWDWHYV SHUIRUPVY ZRUVH WKDQ IRUWKH RWKHU VW
DUHRQO\DIHZVDPSOHYVY ZKLFKDUH WKH VDPHDV WKHVWDWH WKDW LV OH
ODUJH FUHGLELOLW\LQWHUYDOV

5 ,S[[IPPGERWXEXIWFEWIHSRXLITIVWSR WWMXYEXMS

ETIVWYEWMZI WXVEXIK] YWIHF] XLIGSRZIVWEXMSREP EK
%HLQJ DEOH WR SUHGLFW VWDWHY DIWHU D SHUVXDVLYH DWWHPSW FRXC
GLDORJXH LV SURJUHVVLQJ WRZDUGV D VWDWH LQ ZKLFK WKH SHUVRQ L\
TXHVWLRQ OHDYH RQH RXWFURVY YDOLGDWLRQZDV XVHG OHDYLQJ RX\
FRPSXWLQJWUDQVLWLRQV VLQFH WKHVH VDPSOHV DUHQRW LQGHSHQGH

SUHGLFWLQJWKH QH[W VWDWH XVLQJ WKH WUDQVLWLRQ IXQFWLRQ O}
SUHGLFWLQJWKDW WKH QH[W VWDWH VWD\V WKH VDPH
SUHGLFWLQJWKH QH[W VWDWH ZKLOH KDYLQJDQ HTXDO SUREDELOLW

7KHSUREDELOLW\RIPRYLQJWRWKHQH[WVWDWHZDV XVHGWRFRPSDU
PHDQV WKH SUHGLFWLRQ ZzDV EHWWHU IRUWKDW DSSURDFK 7KH UHVXOW

7KHEDUVVKRZWKHPHDQ SUREDELOLWLHV RIWKHSUHGLFWLRQEHLQJ
WKH FUHGLELOLW\LQWHUYDOV ,QDOORIWKHFDVHV SUHGLFWLQJ WK
SUREDELOLW\RIEHLQJ FRUUHFW $0O0O PHDQV RIDQ DSSURDFKDUH RXWVL
DSSURDFKHV *LYLQJDQ HTXDO SUREDELOLW\WR HDFK QH[W VWDWH LV R
HLWKHU XVLQJ WKH WUDQVLWLRQ IXQFWLRQ RU SUHGLFWLQJ WKDW WKH
UHVXOWLQ D FRUUHFW SUHGLFWLRQ ERWKRIZKLFK DUH FRUUHFW PRUH

JLIXUH 7KH SUREDELOLW\ RI FRUUHFWO\ SUHGLFWLQJ WKH QH[W VWDWH EDVHG RQ WKH FX
6WDWHYVY DUH RI WKH IRUP >TFRQILGHQFHY YSHUFHLYHG XVHIXOQHVVY

5 yLEX MW XLI STXMQEP QSHIPJSV TIVWYEHMRK TISTPI X

[EPOMRK#

JURP 4 LW ZDV GHWHUPLQHG WKDW WKH SHUVRQTV VLWXDWLRQ ZRXOG
YDOXHVDQG SHUFHLYHG XVHIXOQHVYV ZLWK WZR YDOXHV LQ WKH ILQDO P

7TKHRSWLPDO SROLF\ZDV FRPSXWHG YLD YDOXHLWHUDWLRQ@ DQGLV S
KLOH WKH ILUVW FKDQJH WR WKH SODQ KDSSHQV HDUO\ RQ GXULQJ WKH
UHVHUYHG IRUWKH ILIWKWLPHVWHS RUVRPHWLPHY WKHVL[WKWLPH VW
LQGLFDWH WKDW RQH FKDQJH DW WKH EHIJLQQLQJ OHWYV SHRSOH IDPLOLI
JRLQJ WKURXJK WKH GLDORJXH DQG OHDUQLQJ PRUH DERXW SRVVLEOH E
SODQV DVHFRQG RSSRUWXQLW\WR FKDQJH LV RSWLPDO



6IWYPXW

$GGLWLRQDOO\ WKHUHDUH VWDWHVY IRU ZKLFKWKHEHVW SROLF\LV WI
VWUDWHI\IURP WKH RQHV ZKLFK DUH SRVVLEOH LQ WKDW VSHFLILF VWD\
DUHVWDWHY IRU ZKLFK WKHUH LV OLWWOH GDWD VR QR EHVW DFWLRQ F|
& DGLVWULEXWLRQ RIKRZPDQ\WLPHY HDFKDFWLRQ ZDV GRQHLQ HDFK |

5 ,LEX MW XLIT1JIIGX SI QYPXMTPI STXMQEP TIVWYEWM
WYEHIIW9 WXEXIW#
,GHDOO\ ZH ZDQW PXOWLSOH VXFFHVVLYH SHUVXDVLYH VWUDWHJILHV WK
KLIK FRQILGHQFH DQG SHUFHLYHG XVHIXOQHVV VLQFH WKHQ WKH\ PLJK
WKH SODQ
$ VLPXODWLRQ RI KRZ SHRSOH ZRXOG WUDQVLWLRQ EHWZHHQ VWDWHYV
IURP4 DQG WKHWUDQVLWLRQ IXQFWLRQ OHDUQHG IURP WKH GDWD 7KH
EXWLRQ RI SHRSOHLQ HDFK RIWKH IRXU SRVVLEOH VWDUWLQJ VWDWH
DVSHFLILF VWDWH ZDV VHOHFWHG DFFRUGLQJ WR WKH RSWLPDO SROLF
SHRSOH WUDQVLWLRQHG WR D QHZ VWDWH DQG WKHQ WKH VLPXODWLRQ |
VLPXODWLRQ UDQ IRU WLPHVWHSV LQ WRWDO ZKLFK LV WKHPD[LPXP DI
UHDO VHWWLQJ FRUUHVSRQGLQJWR WKHYLUWXDO FRDFK XVLQJ XS DOO
TKURXJK WKLV VLPXODWLRQ ZH FKHFENHG

ZKDW SHUFHQWDJH RI SHRSOH UHDFKHG WKH "JRRG" VWDWH WKHPDJ[L
WKHVWDWH>T 97 17T@ DWWKHHQG RI WKHLU GLDORJXH

KRZPDQ\WLPHVWHSVRQDYHUDJHLWWRRNSHRSOHWRUHDFK WKH “JF

JLIXUHVKRZV WKH GLVWULEXWLRQ RI SHRSOH DIWHU VLPXODWLQJ VL[
SROLF\ 7KH EDUV VKRZ ZKDW SHUFHQWDJH RI SHRSOH ZHUH LQ D VSHFLIL
WLPHVWHS JHUR DQGDIWHUHDFK SHUVXDVLYHVWUDWHJ\ WLPH VWHSV
LQJ WR WKH ODEHO "(QGHG  LQGLFDWH WKH FXPXODWLYH SHUFHQWDJH R
UHDFKLQJ WKH JRRG  VWDWH ZKHUH ERWK IHDWXUHV DUH KLJK %\ WKH I
DJHLVDERXW 2QDYHUDJH LW WDNHV DSSUR[LPDWHO\ SHUVXDVLYH
JRRG VWDWHDQG HQG WKH FRQYHUVDWLRQ

JLIXUH 7KH GLVWULEXWLRQ DFURVV VWDWHYV DIWHU VL[ WLPH VWHSV IRUWKH RSWLPDO S
fSHUFHLYHG XVHIXOQHVVI@

*LYHQ WKH SUREDELOLWLHY DERYH RI'VWD\LQJ LQ WKH VDPH VWDWH
OLNHO\ WKDW SHRSOH VWD\ LQ WKH VDPH VWDWH WKDQ PRYH WR D GLIIH
VWHSVY SHRSOH WHQG WR PRYH WR WKH VWDWH ZLWK KLIJIK FRQILGHQFH D



6IWYPXW

RQHZKHUH WKHVHQG WKHFRQYHUVDWLRQ )RUDOOVWDWHY RWKHU WKDZC(
RISHRSOHLQHDFKVWDWH WHQGV WR GHFUHDVH RYHU WLPH 7KLV PHDQ\
ZLWK KLIJIK FRQILGHQFHDQG SHUFHLYHG XVHIXOQHVV DQG HQG WKH FRQY

5 , S[HS HMJJIVIRXTSPMGMIW TIVISVQ GSQTEVIH XS XLI
6HHLQJ KRZ WKH RSWLPDO SROLF\SHUIRUPV FRPSDUHG WR RWKHU SROLF
IROORZLQJWKHRSWLPDO SROLF\LVEHWWHU RUSRVVLEO\ZRUVH WKDQ

%HVLGHV WKH RSWLPWDRSRWKHAU SROLFLHY DUH FRPSXWHG WKH ZRUYV
$SSHQBIQG WKHRSWLPDO SROLF\REWDLQHG E\UHPRYLQJWKH SHUVRQTY
12B6 VKRZQ LQ $SSHQGLHEWDLQHG E\WDNLQJ WKH ZRUVW SRVVLEOH DEW
VLPLODUWKRIQ WKLY FRXOGLQGLFDWH WKDW WKH SHUVXDVLYHVWUDWHJL
DIL[HG RUGHU RI DFWLRQV DV H[S 0 DAERHSHIUQ FOLSF\H B 16\ HAUHW & B QV K D W
FRQVLGHULQJWKH SHUVRQYV VLWXDWLRQLYV QRW UHOHYDQW VLQFH WK
VDPH RUGHU UHJDUGOHVV RI WKH SHUVRQTV VLWXDWLRQ

J)LUVW ZH ORRNHG DW KRZ WKHVH WZR QHZ SROLFLHV WUDQVLWLRQ SH
VR VLPXODWLRQV XVLQJ WKH VDPH VHWXS DV LQ 4 ZHUH UDQ IRU WKHVH
LQ )LIJXUHWQG 7KH VLPXODWLRQV VHHP WR LQGLFDWH WKDW WKH WKUH
RWKHU LQ WHUPV Rl KRZ SHRSOH WUDQVLWLRQ IURP RQH VWDWH WR DQF
VWDWH UHPDLQLQJ WKH VDPH RYHU PXOWLSOH DFWLRQV PRUH WKDQ
KLJK FRQILGHQFH DQG SHUFHLYHG XVHIXOQHVV DIWHU VL[ SHUVXDVLYH \
DFWLRQV RQ DYHUDJH WR WUDQVLWLRQ SHRSOH WR WKH VWDWH ZLWK K
ZKLOH LW WDNHV DFWLRQVRQDYHUDJHIRU: WR GR VR

JLIXUH 7KH GLVWULEXWLRQ DFURVV VWDWHYV DIWHU WLPH VWHSV IRUWKHZRUVW SROLF\ ¢
XVHIXOQHVVIT@



6IWYPXW

JLIXUH 7KH GLVWULEXWLRQ DFURVV VWDWHYV DIWHU WLPH VWHSV IRUWKH SROLF\ZLWKR X!
>STFRQILGHQFHY TSHUFHLYHG XVHIXOQHVVT@

7R IXUWKHU LQYHVWLJDWH WKH GLIIHUHQFHYV EHWZHHQ WKH WKUHH S|
UXQ IRUDOO WKUHH SROLFLHV 7KH GLIIHUHQFH ZDV WKDW LQVWHDG RI
HDFK VWDUWLQJ VWDWH WKLV QXPEHU ZDV VHW WR WKH QXPEHU RI VDPS
WKHUH ZHUH VDPSOHV RI SHRSOH VWDUWLQJLQ VWDWH> 97 719 )DOV
QXPEHU UHSUHVHQWY WKH QXPEHU RI PRGLILEFDWLRQV GRQH WR WKH SO
WKH FRQILGHQFH DQG SHUFHLYHG XVHIXOQHVV ZKLFK ZH KDYH EHHQ XVLC
LQGLFDWH LI WKH FRUUHVSRQGLQJDFWLRQ ZDV GRQH RU QRW WKHQ WK
WKLV VWDWH UDWKHU WKDQ

7KH HQWLUH GLDORJXH ZDV VLPXODWHG WKHQ WKH PHDQ UHZDUG RI H
JRDO ZDV WR KDYH D GLDORJXH WKDW LV DV VKRUW DV SRVVLEOH VR WK
ZKLFK LV WKH HDUOLHVW SRVVLEOH HQG IRU D GLDORJXH ZHUH GLVERX:
IRUHDFK VXEVHTXHQW WLPH VWHS OHDQLQJ WKDW LI WKH GLVFRXQW ID
UHZDUG LQ WLPH VWHS WZR ZRXOG QRW FKDQJH WKH PHDQ UHZDUG LQ W]

WKH PHDQ UHZDUG LQ WLPH VWHS IRXU ZRXOG EH PXOWLSOLHG E\ Y
GRQH WKHPHDQ UHZDUG RI DOO WLPH VWHSV IRUD SROLF\ZDV FRPSXWH
ZHUH WULHG DQG WKH UHVXOWYV DBH DIORZ@LIVF RIXIK\D W DF WARLLIK W O\ OD U Jt
GLVFRXQWHG PHDQ UHZDUG WKDQ 12B6 DQG : KDV WKH VPDOOHVW GLVF
LV WKH FDVH WKH GLIIHUHQFH EHWZHHQ WKH WKUHH SROLFLHY DUH UDW
ZKLFK DUH FORVH WRJHWKHU LQ WKH ILJXUH DQG WKH RYHUODSSLQJ  FL



6IWYPXW

JLIXUH 7KH GLVFRXQWHG PHDQ UHZDUGV RIHDFK SROLF\

J)\TPSVEXSV] EREP]WMW

)JIIGXW SI XLITIVWYEWMZI WXVEXIK] GLSWIR
7KHUHVXOWVRI4 SRLQWHG WRZDUGV WKH SRVVLELOLW\WKDW GLIITHUHQ
LQ WKH ORQJ WHUP GXH WR WKH VLPLODULW\ EHWZHHQ WKH RSWLPDO D
RI WKH SHUVXDVLYH VWUDWHJ\ FKRVHQ LQ HDFK VWDWH LV IXUWKHU LQY
FKRVHQ IRUWKH SHUVRQYV VLWXDWLRQ FRQILGHQFHDQG SHUFHLYHG X
D SHUVXDVLYH VWUDWHJI\ FKDQJHV WKLV IHDWXHWWEVN R\FIRPISD S B MUKHG | %4 |
EHIRUHDQG DIWHU XVLQJWKH SHUVXDVLYH VWUDWHJ\ DQG DOVR TXDQW|
&RKHQYV G

7KH UHVXOWV H[SODL®HI®XIGQY BB WHUBHLPW LQGLYLGXDO SHUVXDVLYH V
HIITHFW RQ WKH VWDWH ZKLOH PXOWLSOH SHUVXDVLYH VWUDWHJLHV RYF
PRGHUDWH HIIHFW

AEVXMGMTERXW STMRMSRW ERHJVIUYIRG]SJTPER GVIEXMSR

8VLQJ WKH GDWD IURP WKH SUH VFUHHQLQJ TXHVWLRQQDLUH LW ZDV S|
FUHDWH SODQV DQG LI WKH\HQMR\GRLQJVR ,| VRPHRQH GRHV QRW HQM
WKLV ZRXOG LPSDFW WKH UHZDUG DW WKH HQG RI WKH GLDORJXH WKH SHU
DGLDORJXH UHJDUGLQJ SODQQLQJ DQG PLJKW QRW ZDQW WR FRPPLW WR

7KH SDUWLFLSDQWVY VSHFLILHG WKDW WKH\ FUHDWHG DQ DYHUDJH RI

WKH IXWXUH DQG DQ DYHUDJH RI SODQV IRU ZDONLQJ GXULQJ WKH ST
HQMR\PHQW RI FUHDWLQJ SODQV IRU WKLQJV WKH\ QHHG WR GR LQ WKH I
PRGHUDWHO\ JRRG DYHUDJHRQD WR VFDOH )RUSODQVIRU WDNL
PDNHV WKHP IHHO VOLJKWO\ JRRG DYHUDJHRQD WR VFDOH

S8LIQEXMG EREP]JWMW SJ QSXMZEXMRK ERHHIQSXMZEXMRK EWTIGXW SJ XL
,Q WHUPV RI RSLQLRQV UHJDUGLQJ WKH GLDORJXH SHRSOH ZHUH DVNHG
WKH\ IRXQG PRWLYDWLQJ DQG ZKDW WKH\ IRXQG GHPRWLYDWLQJ DERXW
7KH WKHPDWLF DQDO\VLV IROORZHG WKH JXLGHOL® BV 6 UR/YG IBHEUEEH G 0L
$SSHQGL]

JRXU FRPPRQ WKHPHV ZHUH LGHQWLILHG IRUWKH PRWLYDWLQJDQG GHI
WKH SHUVXDVLYH VWUDWHJLHY WKH SODQQLQJ WKHYLUWXDO FRDFK D¢
WLYDWLQJ ,Q WHUPV RISHUVXDVLYHVWUDWHJLHY SHRSOHDSSUHFLDW!
ZLWK EDUULHUV EXW WKH WHVWLPRQLDOV ZHUH VRPHWLPHYV VHHQ DV P
LQJ +DYLQJD SODQ WKDW VHHPV DFKLHYDEOHDQG WKDW WDNHV LQWR DF
PRWLYDWLQJIRUSHRSOH EXW WKH ODFNRIEHLQJDEOHWRVHHDQG FXV!



6IWYPXW

ZDV GLVDSSRLQWLQJ :KLOHWKHYLUWXDO FRDFKYV PHVVDJHV ZHUH VHH(
LW VHHPHG URERWLF LQ LWV DQVZHUV DQG WKDW LW UHSHDWHG TXHVWL
WDONDWLYH GXH WR WKH ORQJ GLDORJXH )LQDOO\ VRPH SHRSOH LQGLI
RWKHU SHRSOHLQGLFDWHG WKDW QRWKLQJ ZDV GHPRWLYDWLQJ ZKLFK |

WRWI[IVW XS XLI %7% UYIWXMSRREMVI
4XHVWLRQV UHJDUGLQJ WKH DJHQW DUH DOVR DVNHG LQ WKH SRVW TXH\
TXHVWLRQQDLUH KHOSHG XVGHWHUPLQH SHRSOHTVRSLQLRQV UHJDUGL(
LW\ SHUIRUPDQFH DQG RSLQLRQV UHIJDUGLQJWKHLQWHUDFWLRQ VXFK
DQG XVHU DIHQWLQWHUSOD\ %DVHG RQ UHVSRQVHV WR WKH SRVW TXt
WKH $68$ TXHVWLRQQDLUH LV 2ZWKHU GLVHPERGLHG DJHQWY ZKLFK FRPF
KDYH VLPLODU VFRUHV WR -DPLH HYHQ WKRXJK -DPLH FRPPXQLFDWHYV Wk
FOXGH $SSOHfV6LUL ZKLFKVFRUHGD DQG WKHILFWLRQDO FKDUDFWH
ZKLFK VFRUHGD 7KH $6$ FKDUW IRU WKH FRPSDULVRQV EHWZHHQ -DPI
EHVHHQ LQ )LIJXKHM FKDUW ZDV JHQHUDWHG XVLQJWKH VOL@KWDWBGMXV!
WKHPHDQV IRUWKH RWKHU $6$V@RP )LWULDQLHHW DO >

JLIXUH 7KH $6$ FKDUW FRPSDULQJ -DPLH +$/ DQG 6LUL

&RPSDUHG WR WKH DYHUDJH VFRUHV RI 6LUL DQG +$/ -DPLH ZDV PR
SHDUDQFH ZDV PRUH KXPDQOLNH DQG QDWXUDO DQG LWV HPRWLRQDO |
UHVXOWY DOVR VKRZ VLPLODULWLHYV ZLWK WKH WZR RWKHU $6%$V LQ XVDE
HYHU WKHUHDUHDOVR LWHPV IRU ZKLFK-DPLHVFRUHG ORZHU WKDQ WKF
HOMR\DELOLW\ XVHUDFFHSWDQFH DQG XVHUHQJDJHPHQW
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%\ DQVZHULQJ WKH PDLQ UHVHDUFK TXHVWLRQV WKH PRGHO IRU SHUVXI
SODQVIRUWDNLQJZDONV ZDV SUHVHQWHG

$VDILUVW VWHS ZH XVHG WKH * DOJRULWKP WR VHOHFW FRQILGHQFH -
QHVV ZLWK WZR YDOXHV DV SDUW RIWKH ILQDO PRGHO 7KXV WKH VWDWH
LQ WKHSHUVRQYV VLWXDWLRQ WR WZR

%\LQYHVWLIJDWLQJWKHUHZDUGY DWWKHHQG RI WKHGLDORJXH ZH OF
GLDORJXHJLYHVRPHLQGLFDWLRQ RI ZKDW WKHUHZDUG ZLOO EH +RZHY
PHDQ UHZDUG RYHUDOO RURQ WKHPHDQ UHZDUGYV RI WKH VWDWHY ZKLF|
IURP HDFK RWKHU 6LQFH WKH VWDWH ZLWK KLIJK FRQILGHQFH DQG SHUFH
UHZbUuG LW VHHPV WR EH WKH FDVH WKDW SHRSOH ZKR UHDFK WKLV VW
IROORZLQJ WKH SODQ

7TKHWUDQVLWLRQIXQFWLRQ OHDUQHG IURP WKH GDWD DOORZV VWDWH'
DWWHPSWZLWKDQDFFXUDF\ZKLFKLVEHWWHU WKDQ SLFNLQJD UDQGRP
WLPH SUHGLFWLQJ WKDW WKH VWDWH GRHVY QRW FKDQJH KDV DQ HYHQ E
PHDQV WKDW RQDYHUDJH SHRSOHDUHQRW YHU\OLNHO\WRPRYH WR D C
VWUDWHJI\ LV XVHG +RZHYHU EDVHG RQ WKH UHVXOWYV RI WKH VLPXODWI
RSWLPDO SROLF\DQG XVLQJ PXOWLSOH SHUVXDVLYH VWUDWHJILHYV FDQ E
OLNHO\ WR FRPPLW WR IROORZLQJ WKH SODQV 7KH RSWLPDO SROLF\IRF
KLIK FRQILGHQFHDQG SHUFHLYHG XVHIXOQHVV DV HDUO\DV SRVVLEOH \

:KHQ ORRNLQJ DW WKH RSWLPDO SROLF\ OHDUQHG IURP WKH GDWD ZH
FKDQJHV WR WKHSODQ ZDVGRQHRQFHHDUOVRQLQWKHFRQYHUVDWLRQ |
LOQGLFDWHVY WKDWJLYLQJ SHRSOH VRPHWLPHWR SURFHVV WKH SHUVXDYV
FKDQJLQJ WKH SODQ DJDLQ LV RSWLPDO

7KH FRPSDULVRQ RI GLITHUHQW SROLFLHY VKRZHG WKDW WKH RSWLPD
DQG WR WKHRSWLPDO SROLF\ZKLFK GLVUHIJDUGY WKHSHUVRQTV VLWXDYV
SHUVXDVLYHVWUDWHILHY LQWHUPVRIWKHUHZDUGY REWDLQHG DW WK
SHUFHQWDJH RISHRSOH ZKRHQG WKHGLDORJXHLQ WKHVWDWH ZLWK KLJ
WKHRSWLPDO SROLF\ZKLFKFRQVLGHUV WKH SHUVRQYVVLWXDWLRQ SHU|
GRHV QRW E\DSSUR[LPDWHO\ 7KLV PLIKW LQGLFDWH WKDW LQFOXGLC
LVEHQHILFLDO VLQFHLWDFKLHYHG EHWWHU SHUIRUPDQFH

KLOH LQFOXGLQJ WKH SHUVRQTV VLWXDWLRQ JHWV EHWWHU UHVXOW
KDYH WKHLU GLVDGYDQWDJHV '"HWHUPLQLQJ WKH SHUVRQYV VLWXDWLR(
VDPH TXHVWLRQV PXOWLSOH WLPHVY DQG WKHPDWLF DQDO\VLV RI GHPRW
YHDOHG WKDW SHRSOH GLVOLNHG DQVZHULQJ WKHVH UHSHDWHG TXHVW
> @ VKRZHG WKDW D FRQYHUVDWLRQDO DJHQW WKDW UHSHDWY WKH VDP'
PLIKWEH GHPRWLYDWLQJIRUWKH SHUVRQLW LQWHUDFWY ZLWK ZKLFK I
WKH GLVDGYDQWDJH RI LQFOXGLQJ WKH SHUVRQYV VLWXDWLRQ DQGJLY
PLIJIKWEHEHWWHU WR XVHWKHRWKHU SROLF\ WRDYRLG GHPRWLYDWLQJ
WKH SHUVRQYV VLWXDWLRQ WKHGLVDGYDQWDJH LV WKDW UHPRYLQJ WK
QR ORQJHU KDV D ZD\ RI GHWHUPLQLQJ ZKHQ WKH SHUVRQ LV OLNHO\ WR
PHDQV WKDW D FRQYHUVDWLRQ ZKLFK FRXOG KDYHHQGHG DIWHU IRU HI[D
FROQOWLQXH XQWLO DOO SHUVXDVLYH VWUDWHJILHY DUH XVHG XS

$ SRVVLEOH VROXWLRQ WR ERWK RI WKHVH GLVDGYDQWDJHV LV WR OF
WKH SHUVRQTVY VLWXDWLRQ 7KLV LV RIWHQ GRQH LQ FRQYHUVDWLRQDOC
LVWR PDNHUHFRPPHQGDWLRQV EDVHG RQ SHRSOHYV S U BHUHVPHEHY D)R U
UHFRPPHQGHU VAVWHP ZKLFK XVHV GHHS 4 OHDUQLQJWRGHWHUPLQH ZKH
DTXHVWLRQ DERXW WKHLU SUHIHUHQFHV DQG ZKHQ LW VKRXOG PDNH WK
FRXOG OHDUQ ZKHQ WR DVN WKH SHUVRQ DERXW WKHLU VLWXDWLRQ ZK
$GGLWLRQDOO\ LIWKHSHUVRQYIVLVLQD VWDWHZKHUH ZLWK KLJKFRQIL
YLUWXDO FRDFK ZRXOG NQRZ LW VKRXOG HQG WKH FRQYHUVDWLRQ

JXUWKHU H[SORUDWRU\DQDO\VLV VKRZHG WKDW LQGLYLGXDO SHUVXD\
WKHSHUVRQYV VLWXDWLRQ +RZHYHU ZKHQ FRPSDULQJVWDWHY DW WKH
ZHIRXQG D PRGHUDWH HIITHFW WLV SRVVLEOH WKDW WLPHLQIOXHQFHYV
VWUDWHJ\ KDV 7KH VOHHSHU HIIHFW LQ SHUVXDVLRQ VXJJHVWYV WKDW L
VHHQDVFUHGLEOHILUVW KDV D VPDOOLPSDFW EXW LIWKHVRXUFHLV W|
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> @ 7KXV LWLV SRVVLEOH WKDW SHRSOH LQLWLDOO\VDZ WKH YLUW)
WKURXJK WKH GLDORJXHDQG UHDGLQJ WKHLQIRUPDWLRQ WKDW WKH FRI
DQG VR WKH SHUVXDVLYH VWUDWHJLHVY VWDUWHG KDYLQJ D PRUH PHDOQL(
HODERUDWLRQ OLN @O\LXRMY WRGHDW LQ GHSWK SURFHVVLQJLY QHFHVYV
VLQFHLQ GHSWK SURFHVVLQJ WDNHVY VRPH WLPH FKDQJHV FDQQRW EH F
DOVR ZKDW ZHREVHUYHG %\WKHHQGRIWKHLQWHUDFWLRQ ZKLFK WRRN
PLIKWKDYH SURFHVVHG WKH SHUVXDVLYH VWUDWHJLHV LQ PRUH GHSWK
$QRWKHU SRVVLEOH H[SODQDWLRQ IRU WKH VPDOO HIIHFWV RI WKH S|
WUDQVWKHRUHWLFDOPRGHO VWDJH WKDW $HRG@GO®HFDHNWHHW K D YW 8 R @DHIX
VWDIJHVUHTXLUH GLITHUHQW WA\SHV RIPRWLYDWLRQ )RUH[DPSOH SHRSC
PRWLYDWLRQ LQ WKHIRUP RIHI[WHUQDO UHJXODWLRQ HJ SHRSOH ZDQW
VKDSH 7KHSHRSOHLQRXUVWXG\ZHUHLQ WKHFRQWHPSODWLRQ RU SUt
IURP DJDPLILHG VA\VWHP ZLWK EDGJHV DQG SRLQWYV ZKLFK DOORZV WKHP
SHHUV DQG ZKLFK FDQ LQFUHBVH EQIWIHRRIDPO» WKH DXWKRUV PHQWLF
LQRQH RI WKHVH WZR VWDJHV LQFUHDVLQJ WKH LPSRUWDQFH RI WKH FR
LQWHQWLRQ WR EHDFWLYHDQG WKH ODFN RIDFWXDOO\GRLQJ VR FDQ JL
EHKDYLRXU 7KHDFWLRQRIH[SODLQLQJZK\SODQQLQJLV XVHIXO GLG KD
ZHUH QRWIRFXVHG RQLQFUHDVLQJWKHLPSRUWDQFHRIWKHGLVVRQDQF
/IDVWO\ EDVHG RQ WKH DQVZHUV WR WKH VKRUW IRUP $6% TXHVWLRQQ
RWKHU $6%$V ZKLFK FRPPXQLFDWH LQD VLPLODU PDQQHU 6LULDQG +$/
DSSHDUDQFH ZDV PRUH QDWXUDODQG KXPDQOLNH EXWDOVRWKDW LW ZL
RI XVDELOLW\ SHUIRUPDQFH DQG FRKHUHQFH DOO WKUHH $6%$V ZHUH VL

OMQMXEXMSRW

7KH PDLQ OLPLWDWLRQ RI WKLV VWXG\LV WKH UHODWLYHO\ORZ DPRXQW
VSDFH DQG WKH PHWKRG RI JDWKHULQJ WKH GDWD DERXW WKH VWDWHYV
JLYHQ WKH GXUDWLRQ RI WKH VWXG\ 7KHLVVXH ZLWK WKH ORZDPRXQW R
SROLF\OHDUQHG IURP WKHVDPSOHYV JDWKHUHG GRHV QRW JHQHUDOLVH V
WR EDODQFH SDUWLFLSDQWV DFURVVDOO SRVVLEOHLQLWLDO VWDWHV W
VDPSOH LW ZDV XOWLPDWHO\LPSRVVLEOHWR GLVWULEXWHWKHPHYHQO
ZKLOH RWKHUV KDG QHWK LSS FREELPHG ZLWK WKH LPSRVVLELOLW)\ RI FRC
RIGDWD OHDG WR KDYLQJVWDWHY ZKHUH WKH YLUWXDO FRDFK ZRXOG QF
7R FRPSHQVDWH IRU WKH ODFN RI GDWD IRUVWDWH DFWLRQ SDLUV ZKLF#
DYHUDJH GDWD 7KLV PHDQV WKDW WKH UHVXOWYV RI WKH DQDO\VLV PLJK!
JDWKHUHG IXUWKHU UHLQIRUFLQJ WKH QHHG IRU FROOHFWLQJ PRUH G
VDPSOH VL]H HYWDEOLVKHG EDVHG RQ \@KADYXUW 8 B PKIQEG VDI G B K PIOD W H ¢
VKRZ WKDW WKH DJHQW LV HIIHFWLYH LQ EULQJLQJ SHRSOH WR WKH VWI
XVHIXOQHVV ZKHUH WKH\DUH PRVW OLNHO\ WR FRPPLW WR IROORZLQJ W

7KH SHRSOH ZKR SDUWLFLSDWHG LQ WKH VWXG\LQGLFDWHG WKDW WKF
SUH VFUHHQLQJ TXHVWLRQQDLUH $V VXFK WKH VDPSOH PLJKW QRW EH
HQMR\FUHDWLQJSODQVDWDOO )XUWKHUPRUH HYHQWKRXJKWKH\VSHF
FUHDWLQJ SODQV IRUWDNLQJ ZDONV WKH\RQO\ FUHDWHG SODQV RQ |
7KXV WKH\ KDG OLWWOH UHFHQW H[SHULHQFH ZLWK FUHDWLQJ D SODQ
QRYHOW\ RI WKLV DFWLRQ ZDV ZK\ WKH\ IRXQG WKH DFWLRQ DQG FRSLQJ
WKHLQWHUDFWLRQ

$QRWKHU OLPLWDWLRQ FRPHV IURP WKH IDFW WKDW DOO RI WKH GDWD
MHFWLYH PHDVXUHV WKURXJK WKH TXHVWLRQV WKDW ZHUH DVNHG $V W
LQDFWLYH LWLV SRVVLEOHWKDW WKH HIl@F/\D\DRH & R KRB FLIDDKRIWL K B ¥ H
DQVZHUHG WKH TXHVWLRQV 3DUWLFLSDQWY FRXOG KDYH SURYLGHG DQ
ZLOOLQJWR EH PRUH SK\VLFDOO\DFWLYH HYHQ LI WKLV ZDV QRW QHFHV\

$ILQDO OLPLWDWLRQLVJLYHQ E\WKHPRGHLQ ZKLFKDQVZHUV ZHUH UH
WKH VDPH TXHVWLRQ PXOWLSOH WLPHV LW LV SRVVLEOH WKDW WKH\ VW
SURYLGHG RSWLRQV LQ WKHLU HQWLUHW\ DQG MXVW SLENHG WKH VDPH L
IRUVRPH SDUWLFLSDQWV LW ZDV WKH FDVH WKDW WKHLU DQVZHUV ZHUH Y
WKHSHUVXDVLYHVWUDWHJLHY KDGEHHQ XVHG +RZHYHU DWWHQWLRQF
DQG WKHGHWDLOHGDQVZHUVWRRSHQ HQGHG TXHVWLRQV GXULQJWKHF
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ZHUH LQGHHG DQVZHULQJ WUXWKIXOO\DQG WKDW WKHLU VWDWHYV GLG QI
VWUDWHILHYV



'SRGPYWMSR ERH (MW

7KLV FKDSWHU SURYLGHV DGLVFXVVLRQDQG FRQFOXVLRQ RI WKH ODVWH
UHVWDWHG DQG DQVZHUHG WKHQ WKH FRQWULEXWLRQV WR WKH ILHOG LC
IRUIXWXUH ZRUNDUH OLVWHG DW WKHHQG DORQJZLWK FORVLQJUHPDU

'SRGPYWMSRW
7KH UHVHDUFK TXHVWLRQ DQVZHUHG LQ WKLV VWXG\ ZDV

+RZFDQUHLQIRUFHPHQW OHDUQLQJEH XVHG WR SHUVXDGH SHRSOH V
DFWLYLW\SODQLQDGLDORJXH ZLWK D YLUWXDO FRDFK™"

7KLV TXHVWLRQ ZDV IXUWKHU VSOLW LQWR VXE TXHVWLRQV IRUZKLFK D

,LEXEVIJEGXSVW ZEPYIW ERHGSRGIVRW XLEX RIIH XS FI

PSKYI XLEXJEGMPMXEXIWKSEP WIXXMRKERHH]EHMG TPE
7TRDQVZHU WKLV TXHVWLRQ OLWHUDWXUHDQG H[SHUWYV ZHUH FRQVXOW}
FRQFHUQV IRU GLDORJXHV ZKLFK DLP WR GHYHORS D G\DGLF SODQ

6WDUWLQJIURP WKH WKHRU\RI VHWWLQJJRDOV ZHIRXQG WKDW SODQ
DQG WKDW G\DGLF SODQVDUHPRUHHIIHFWLYHDW GRLQJVR WKDQLQGLYL
EHSHUVRQDOLVHG WR WKHSHUVRQDQG VLQFHWKHSHRSOHLQRXUVWXG
RI'JRDOV DUH ZDONLQJ JRDOV 6LQFH WKH GLDORJXH VKRXOG PDNH SHRS
DFFRUGLQJ WR WKH SODQ DFWLRQ DQG FRSLQJ SODQQLQJ DUH SRZHUIX
WRZDUGV WKHLU JRDOV

KHQ FUHDWLQJD SODQ LWLV LPSRUWDQW WKDW SHRSOHDUHJLYHQ W
UDWKHU WKDQ EHDVVLIJQHG D SODQ &UHDWLQJWKHSODQ WKHPVHOYHV |
WKH EHKDYLRXU GHILQHG LQ WKH SODQ WKXV PDNLQJ SURJUHVYVY WRZDU (
DOVR EH JXLGHG WKURXJK WKH SURFHVVY VLQFH WKH\ PLIJKW EH RYHUFRC
KDYH PXFK H[SHULHQFH ZLWK SK\VLFDO DFWLYLW\RU PLIKW XQGHUHVWL
DFWLYLW\ $V VXFK WKH YLUWXDO FRDFK VKRXOG EHDEOH WR SURYLGH
FUHDWLQJSODQV 7KHYLUWXDO FRDFKVKRXOGDVN SHRSOHDERXW URXYV
HI[SHULHQFH ZLWK SK\VLFDO DFWLYLW\ WR KHOS WKHP FUHDWH D SODQ I
WKDW LV HDV\WR LQWHUSUHWDQG WKDW GRHV QRW VWUHWFK WRR IDU R
WKH IXWXUH LV GLIILFXOW DQG FDQ EH RYHUZKHOPLQJ $GDSWLQJ WR WK
SHRSOHYV EHKDYLRXU DQG D  YLDEOHWHFKQLTXHIRUGRLQJVR LV UHLQI

, SIGEREHMEPSKYIJSVH]EHMG TPERRMRK [MXL E ZMVXYE
‘HLGHQWLILHG WZR PDMRU JRDOV WKDW D GLDORJXH IRU G\DGLF SODQQL
FRPPLWPHQW

JRUSODQ FUHDWLRQ DVSHFWV VXFKDV URXWLQHVDQG HQHUJ\OHYHO\
SODQV WKDW SHRSOH FRPPLW WR 7KXV SDUWRIWKHGLDORJXHLQFOXGH



'SRGPYWMSRW

ZKHQ WKH\KDYH PRUH HQHUJ\WKDQ XVXDO 7KH QH[W SDUW RI WKH GLDOF
DSODQIRUUHDFKLQJ WKLV JRDO EDVHG RQ IUHH WLPH DQG HQHUJ\ OHYH

7KH SODQ FRPPLWPHQW DVSHFW RI WKH FRQYHUVDWLRQ ZDV DSSURDFK
OHP )RU WKLV ZHGHVLJQHG WKH FRUH SDUW RI WKH GLDORJXH DV D ORR
VLWXDWLRQ FRQVLVWLQJRIDVSHFWV ZKLFK ZHUHIRXQG WREHUHOHYDQ
WRIROORZD SODQ FRQILGHQFH SHUFHLYHG XVHIXOQHVV DQG DWWLW X!
XVHRQHRILWY SHUVXDVLYH VWUDWHJLHY DQG WKHQ DVNWKH SHUVRQ W
SHUVXDVLYH VWUDWHJLHY VHOHFWHG ZHUH PDNLQJFKDQJHV WR WKH S
FRSLQJSODQQLQJ WKRXJKLGHQWLI\LQJDQG GHDOLQJ ZLWK EDUULHUV

7KHGLDORJXHHQGHG ZLWK D PHDVXUHPHQW RIWKHUHZDUG VLJQDO ZK
FRQILGHQFH LQ UHDFKLQJWKH JRDO DQG FRPPLWPHQW WR WKH SODQ &F
DV D FRQFHSW UHSUHVHQWDWLYH RI D SHUVRQYV FRPPLWPHQW WR WKH
JRDO VHWWLQJ

,S[[IPP GER VIMRJIJSVGIQIRX PIEVRMRK WIPIGX TIVWYEWM
YWIHEWTEVX SJE HEHMG TPERRMRK HMEPSKYI XS QEOI°
XLIHMEPSKYI GSQQMXXIHXS XLITPERJSV XEOMRK[EPOW

MRK XLIMV KSEP#

7JRDQVZHU WKLV TXHVWLRQ GDWD ZDV JDWKHUHG WKURXJK DQ REVHUYDV
LQJPRGHO ZDV LPSOHPHQWHG EDVHG RQ WKH GDWD 7KH ILQDO PRGHOY
VRQTV VLWXDWLRQ DQG WKH SHUVXDVLYH VWUDWHJLHVY WKDW ZHUH DOUF
RIDSHUVRQYV VLWXDWLRQ ZHUH VHOHFWHG WR EH SDUW RI WKH ILQDO PR
IRUZDONLQJ DQG WKHLU SHUFHLYHG XVHIXOQHVV RI SODQQLQJIRU SK\V
JLYH VRPHLQGLFDWLRQ RI WKH UHZDUG PHDQLQJWKDW WKH\ FRXOG VRF
FRPPLW WR WKH SODQ

KLOHLQYHVWLJDWLQJWKH ZD\LQ ZKLFK SHRSOH PRYHIURP RQH VWDW
KDG DWHQGHQF\WR UHPDLQ LQ WKH VDPH VWDWH PHDQLQJ WKDW WKHLL
ZRXOG QRW FKDQJH PRVW RI WKH WLPH 7KLV KLQWHG DW WKH SRVVLELC
KDYH VLPLODU HIITHFWV RQ D SHUVRQYTV VLWXDWLRQ

$ % D\HWAWDBVW FRPSDULQJWKHSHUVRQYV VLWXDWLRQEHIRUHDQG DIWF
WKDW WKHUH LV QR GLIITHUHQFHLQ WKHVLWXDWLRQ 7KHHIIHFWV RI HDFK
PRVWO\VPDOO DQG LQ VRPHFDVHV PRGHUBW M KB FERPUHGW QB W RRURR X Q
VXFFHVVLYH SHUVXDVLYH VWUDWHJLHVY WKHUH ZDV D GLIIHUHQFH DQG W
WR &RKEQ TV

$FFRUGLQJWR WKH HODERUDWLRQ OLNHOLKRRG PRGHO LQ GHSWK SUI
$V WKHUH ZDV OLWWOH WLPH EHWZHHQ GLIIHUHQW SHUVXDVLYH VWUDWH
LQJRILQGLYLGXDO SHUVXDVLYH VWUDWHJLHY ZDV QRW DFKLHYHG $W \
DERXW PLQXWHV RQ DYHUDJH WKH LQWHUDFWLRQ DV D ZKROH FRXOG
SURGXFLQJ WKH PRGHUDWH HIIHFW Rl PXOWLSOH VXFFHVVLYH SHUVXDV
LQLWLDOO\VDZ WKH YLUWXDO FRDFK DV XQUHOLDEOH EXW WKHLQIRUPD'
WR FKDQJH WKHLU RSLQLRQ @WK OGHHSBD HQIWRKW PRGHUDWH LPSDFW R1
$GGLWLRQDOO\ LW FRXOG KDYH EHHQ WKH FDVH WKDW WKH SHUVRQfV W
EHHQ WDNHQ LQWR DFFRXQW VLQFH GLIIHUHQW VWDJHY UHTXLUH GLIIHL
HQJDJHPHQW

7JRLQYHVWLIJDWH WKH RSWLPDO SROLF\IXUWKHU ZH FRPSDUHG WKH RS
EHVW SHUVXDVLYH VWUDWHJ\ IRUHDFK VWDWH ZLWK WZR RWKHU SROLFL
WKH ZRUVW SRVVLEOH SHUVXDVLYH DFWLRQ LQ HDFK VWDWH DQG DQ RS\
WKH SHUVRQTV VLWXDWLRQ 7KH UHVXOWV RIDGGLWLRQDO VLPXODWLRC
UHVXOWYV LQ WHUPV Rl WKH UHZDUGV DW WKH HQG RI WKH GLDORJXH 5H
UHDFK D VWDWH LQ ZKLFK WKH\ DUH OLNHO\ WR FRPPLW WR IROORZLQJ W
ZRUVW SROLF\ IRUWKH RSWLPDO SROLF\ WKDW GRHV QRW FRQVLGHU
RSWLPDO SROLF\ ZKLFK GRHVY FRQVLGHU D SHUVRQYV VLWXDWLRQ 7KXV
WKH SROLFLHV LQGLFDWLQJWKDW WKH SROLF\ZKLFKFRQVLGHUV D SHUV
WKDW GRHVY QRW $W WKH VDPH WLPH WKH ODWWHU KDV VRPHDGYDQWDJ
VSHFLI\WKHLU VLWXDWLRQPXOWLSOHWLPHV GXULQJWKHGLDORJXH ZK|



'SRXVMFYXMSRW

7KXV WKHUH VHHPV WR EH D WUDGH RIl EHWZHHQ WKH SHUIRUPDQFH RI W
RI WKH SHRSOH WDNLQJ SDUW LQ WKH LQWHUDFWLRQ 6R ZKLOH WKH SR
DFKLHYHV UHVXOWY ZKLFK DUH KLIKHU LWPLJKWEHPRUHDSSURSULDYV
WKDQ SHUIRUPDQFH DQG RSW IRU QRW LQFOXGLQJ WKH SHUVRQTV VLWXI
IROORZLQJD IL[HG RUGHU RI SHUVXDVLYH VWUDWHJLHV

'SRXVMFYXMSRW

7KHILUVW FRQWULEXWLRQ RI WKLY WKHVLV LV WKHOLVWRIIDFWRUV YD
YLUWXDO FRDFKHV EDVHG RQUHFHQWDFWLRQ SODQQLQJUHVHDUFK DQ(

7KH VHFRQG FRQWULEXWLRQ LV WKH GHVLJQ GHYHORSPHQW DQG HYI
PRGHO IRUD YLUWXDO FRDFK WKDW FDQ KHOS SHRSOH EHFRPH PRUH SK\V

$ WKLUG FRQWULEXWLRQ LV WKH GDWD JDWKHUHG GXULQJ WKH VWXG\
DFWLRQ QH[WVWDWH UHZDUG WXSOHV FDQ EH XVHG WR GHYHORS GLIIH
WLRQV RIWKHVWDWHFRPSRQHQWYV RURIWKHUHZDUG IXQFWLRQ ZKLFKF
WH[WUHVSRQVHV WR SURPSWV IURP WKHYLUWXDO FRDFKFDQ DOVR VHUY
SHRSOH SHUFHLYHG SODQQLQJDQG ZKDW WKH\IRXQG LPSRUWDQW RU LC
FRSLQJ SODQ IRU SK\VLFDO DFWLYLW\ 7KH GDWDVHW LQFOXGHV RSLQLR
SHUVRQDO GHVFULSWLRQV RIFRPPRQ EDUULHUV WR SK\VLFDO DFWLYLW\
DQG WKRXJKWYV DERXW WKHLPSRUWDQW WDNHDZD\V RI WHVWLPRQLDOV
SK\WLFDO DFWLYLW\

7TKHIRXUWK FRQWULEXWLRQ LV WKHDQDO\VLVY RIWKHGHYHORSHG PRG
IRUIXUWKHU UHVHDUFK LQWR G\DGLF SODQQLQJZLWK D YLUWXDO FRDFK
WR EH XVHG ZKHQ WU\LQJWR SHUVXDGH SHRSOH WKHWUDQVLWLRQ IXQF\
IRUUXQQLQJ VLPXODWLRQV RI WKHPRGHO 2WKHU FRPELQDWLRQV RIIHD
SRVVLEO\ OHDGLQJ WR QHZ LQVLIJKWY UHJDUGLQJ KRZ WKH RSWLPDO SRC
FRPSDUHV WR WKH RSWLPDO SROLF\WKDW GRHV QRW

OMQMXEXMSRW

7KH PDLQ OLPLWDWLRQ RI WKLV ZRUN LV QRW KDYLQJ WHVWHG WKH ILQDC
QDO YDOLGLW\ 7KXV ZKLOH WKH PRGHO SURYLGHG LV RQH RI WKH PDLQ
PHDVXUH RI KRZ ZHOO WKH PRGHO ZRXOG SHUIRUP LQ D UHDO OLIH VHWW
WKH VLPXODWLRQV VKRZ WKDW WKH PRGHO KDV WKH FDSDFLW\ WR SHUV
SODQ ZKLOHRSHQ HQGHG DQVZHUV IURP WKH SRVW TXHVWLRQQDLUH VX
EHPRUH SK\VLFDOO\DFWLYHDQG VHHPHG WR HQMR\ FUHDWLQJ WKH DFW
SODQV LV QRW VRPHWKLQJ WKH\ XVXDOO\GR EDVHG RQ UHVXOWV RI WKH

$QRWKHU OLPLWDWLRQFRPHVIURPRQO\KDYLQJLQWHUDFWHG ZLWK W:
KDYLQJFRQVXOWHG OLWHUDWXUH UHJDUGLQJJRDO VHWWLQJDQG SODQ:
RI SODQQLQJLQ RWKHU GRPDLQV PLJKW EH WRR QDUURZ WR DOORZ WKH
GLIIHUHQW GRPDLQV ZKLFK PLJKW FRQVLGHU SODQQLQJDQG JRDO VHWW
RUJDQLVDWLRQDO SODQQLQJ RUVWXGHQWY SODQQLQJLQDQ DFDGHPLF

$ WKLUG OLPLWDWLRQ LV WKH W\SH RI JRDLQ\GERQWHGHW K IZW /2.NCHNLIW )
VXLWDEOH IRU SHRSOH ZKR DUH LQDFWLYH EXW SHUVRQDO SUHIHUHQFF
SHRSOH SHUFHLYHG WKH GLDORJXH ZLWK WKH YLUWXDO FRDFK 2WKHU W
PRUH HQMR\DEOH IRU VRPH SHRSOH PHDQLQJ WKDW WKHLU VDWLVIDFWL
LPSDFWHG E\ WKLV

*YXYVI[SVO

$ILUVWDYHQXHIRUIXWXUHZRUNLVWRWHVWWKHSHUIRUPDQFH RIWKHF
FRXOG SURYLGHLQVLIKWLQWR KRZHIIHFWLYH WKHRSWLPDO SROLF\LV I
DFKLHYHV LWV REMHFWLYH RI SHUVXDGLQJ SHRSOH WR IROORZ SODQV Il
KDYHDOUHDG\EHHQ UXQ WKHORQJ WHUP HIITHFW RI WKHLQWHUDFWLRQ
ZRXOG EHLQWHUHVWLQJ WR FKHFN ZKHWKHU SHRSOH UHDOO\ FRPPLW WEF
WKHFRPPLWPHQW LY RQO\WHPSRUDU\DQG IDGHV DV VRRQDV HIIRUW LV



'PSWMRK VIQEVOW

%RWK WKH VWUXFWXUH RI WKH FRQYHUVDWLRQ DQG WKH SHUVXDVLYH
JRDO VHWWLQJ GLDORJXH ZKLFK LQFOXGHVY SODQQLQJ 7KH SHUVXDVLYH
VWUDWHJILHY ZKLOH WKH VWUXFWXUH RI WKH GLDORJXH FRXOG EH DOW
YRUH[DPSOH WKHVLPLODULW\ PHD V@UHRXOHIX UQ &6 EHUHOSVE B W HUP LQ F
LV VXLWDEOH EDVHG RQ ZKDW DFWLRQV ZHUH VXLWDEOH IRU VLPLODU ¢
VRPH SHRSOH LQGLFDWHG WKDW WKH WHVWLPRQLDOV VKRZQ WR WKHP ZH
VRPHRQH YHU\ GLITHUHQW IURP WKHPVHOYHV 7KXV FRQVLGHULQJ KRZ \
RIWHQ WKH\ H{HUFLVH WKHLU DJH DQG WKHLU V@[ FRX @0 \S GRQHGH 5BW
UHVXOWYV ZKHQ WU\LQJ WR SHUVXDGH SHRSOH EDVHG RQ WHVWLPRQLDOYV

YXUWKHUPRUH WKH GHVLJQ RID YLUWXDO FRDFK WKDW KHOSV SHRSOF
EH H{SSDQGHG XSRQ WR FUHDWH QHZ PRGHOV ZKLFK FRXOG LQFRUSRUDW
WR GHWHUPLQH ZKDW WKH EHVW SHUVXDVLYH VWUDWHJ\ VKRXOG EH )DF
LQWHUQDO U® ROUWUGHOA HBI ERXP\G-EH XVHG WR JDLQ D EHWWHU UHSUHVH(
VLWXDWLRQ EXW WKH SUREOHP RIDVNLQJ SHRSOH WKH VDPH TXHVWLRQ

$V VXFK EHWWHU ZD\VRIPHDVXULQJWKHDVSHFWV RIDSHUVRQYTV VLW,
WKH VWXG\ SHUIRUPHG PDQ\SHRSOHFRPSODLQHG DERXW KDYLQJWR DQ!
VR D GLIIHUHQW PHWKRG IRU JDWKHULQJ WKLV GDWD PLJKW EM@PRUH VXL
SUHVHQW GLIITHUHQW ZD\V LQ ZKLFK QDWXUDO ODQJXDJH SURFHVVLQJ ZD\
7KURXJK IUHH WH[W DQVZHUV DQ 1/3 PRGHO FRXOG LQIHUD SHUVRQfV VW
WKH VSHFLILEPHDVXUHV 7KLV FRXOGDOVRLPSURYHKRZQDWXUDO SHRS
HOLPLQDWLQJUHSHWLWLRQDQG EUHDNLQJRIWKHFRQYHUVDWLRQ IORZ

'PSWMRK VIQEVOW

7KURXJK WKLV WKHVLY ZH FUHDWHG D PRGHO IRUD YLUWXDO FRDFK ZKR
ZDONLQJ FUHDWHG WKURXJK G\DGLF SODQQLQJ 7KH UHLQIRUFHPHQW Ot
IDFWRUV YDOXHV DQG FRQFHUQV LGHQWLILHG LQ DFWLRQ SODQQLQJ U
JDWKHUHG LQ DQ REVHUYDWLRQDO VWXG\ 7KH DQDO\VLV VKRZV WKDW \
YLUWXDO FRDFK DUH VXLWDEOH LQ D SODQQLQJFRQWH[W )XUWKHUPRUH
WKH VLWXDWLRQ WKDW D SHUVRQ LV LQ SHUIRUPV EHWWHU WKDQ XVLQJ S



61JIVIRGIW

@DUF $$GDPVHWDO 33QDGDSWLYH SK\VLFDODFWLYLW\LQWHUYHQYV
LIHG FRQWUROB®GRWRWDIHD O~ | @

@DQJLQD $KPDG 'RPLQLN 6LHPRQ DQG 6XVDQQH 5REUD %LVVDQW]
FKLQHV &RQYHUVDWLRQDO $JHQWV ZLWK 3HUVRQDOLW\ DQG WKH 5
‘2, RyXk9k8Rf>A*aaXkykRX9Nk

@FHN $M]HQ 2*7KH WKHRU\ RI SODWQIQKGE JPHWKIRQRYU EHRDYLRU DQG KXP|
SURFHVVHV SS +

@HOH $OEHUV ODUN $ 1HHULQF[ DQG :LOOHP 3DXO %ULQNPDQ 3$GG
IXWXUH VWDWHY LQ D UHLQIRUFHPHQW OHDUQLQJ DOJRULWKP IRU S
SK\WWLFDOO\ DFOMRWRQHQ H

@HOH $OEHUV HW DO *6HWWLQJ SK\VLFDO DFWLYLW\ JRDOV ZLWK D
SHUVRQDOL]DWLRQ D Q GRXEFIHEWDI@HELFQ O 6\VWSI PV

@DQGUD $QGUDV]HZLF] HW DO 3$Q LQWURGXFWLRQ WR %D\HVLDQ K\
UHVHDUFRXUQDO RI ODQDJHPHQW®S +

@XUpOLH %DLOORW HW DO 33K\VLFDO DFWLYLW\PRWLYHV EDUULHU)\
$ VIVWHPDWLF BHOWREHZQH Q H

@OEHUW %DQGXUD 36RFLDO FRIQLWLYAHWRBRIDWLREDO EHXDOYDWUR
PDQ GHFLVLRQ SURFHV V&Y +

@ P\ %DQWKDP HW DO 32YHUFRPLQJEDUULHUV WR SK\VLFDO DFWLYL\
SURJUHVV LQ FDUGLRYDVFXOMBSGLYHDVHYV

@LFKDUG %YHOOPDQ ' \QDPLFEURQUMPPLQJ S5 +

@& RULQD %HUOL HW DO 3, QWHUSHUVRQDO SURFHVVHV RI FRXSOHVY C
DPSOH RI SK\VLFDGBBEEWRQYDWILW\DQG VRFLDO SVIFKRORJ\ EXOOHWL(

@ LPRWK\: %LFNPRUH 'DQLHO 6FKXOPDQ DQG &DQGDFHG6LGQHU 3$XW
WLSOH KHDOWK EHKDYLRUV XVLQJFROLYHYW DI\E XK Q VA BQ HDAWE\F R X® V

SS *
@ ~QL %OilRVVHWDO 3, VIDWLIXHDIWHUZRUNDEDUULHUIRUOHLVXUF
VWXG\DPRQJ DGXOWV [ URP WKH JHQHUIFrO QR UQ DY 1 B SPRXW IDR

SXEOLF KHDOWK SS +

@LNH *7 %UDQQDQ HW DO 3*$FWLYH +$ QHZ DSSURDFK WR LQFUHDV|
SHRSOHLQ (QJDIRJQEHVYQY LQ & DUGLRYDVFXODUSBVHD:VHYV

@LUJLQLD %UDXQ DQG 9LFWRULD &0ODUNH 38VLQJ NWXIHPLIDMWLW LDYGHDDH V
VHDUFK LQ SV\FKRORU&\S *

@REHUW / %UHQQDQ DQG 'DOH - B3UHGLJHU 3&RHIILFLHQW NDSSD 6RF
WLYHMGX@GDWLRQDO DQG SVI\FKRORJLFDO PR EDVXYHPHQW

@KLOLS 6 %UHQQHU DQG -RKQ ' '"H/DPDWHU 36RFLDO GHVLUDELOLW\
DFWLYLW\ LVDQ H[HUFLVH LGRFELW OW QWS KHDAXR GV BEW VIHIDU F K

@RJHU %XHKOHUDQG 'DOH *ULIILQ *30DQQLQJ SHUVRQDOLW)\ DQG S|
RSWLPLVWLF WLPHBWHQUAWWRAQD O@HKDYLRUDQG +XPDQ 'HFLVLRC
Ss =



61JIVIRGIW

> @RJIJHU %XHKOHU 'DOH *ULIILQ DQG OLFKDHO 5RVV 3([SORULQJ WKH"
XQGHUHVWLPDWH WKHLU WDVNRRREPOHRN LFHUWREOEBOLWRQDQG VRFLD
S

> @LRQD& %XOOHWDO *:RUOG+HDOWK2UJDQL]DWLRQ JXLGHOLQHYV
EHKDYLRXWULWLVK -RXUQDO RI 6SRUWYV 03BGLFLHH ,661
'2, RyXRRjef#DbTQ ib@ kyhySURQPAWSBF #DbKX#KD X +QKf+QMi2Mif89
KO9fROSRX7TMHSBY PATTh,ff#DbKX#KDX+QKf+QMi2Mif89fk9fR98R

> @LONH %XUNHUW HW DO 37KH LQWHUSOD\ RI G\DGLF DQG LQGLYLGXL
SURVWDWH FDQFHU SDWLHQWYV IROORRXQDDDORIFPHOHKDYRRW D & B H® R
SS *

> @HJIKDQ/%XWU\QHWDO *0OHDVXULQJWKHDELOLW\WR WROHUDWH DF
WLRQ RI WKH SK\VLFDO DFWLYLW\DFFHSWRRXRBR DA HRYWKRQEG D ODUIH VBE
DQG +HDOWK SS *

> @DIDHO $ &DOYR HW DO *1DWXUDO ODQJXDJH SURFHVVLQJLQ PHQW
FOLQLFDO WHWWVUDQQYDQJIXDJH (QJLQHHBLQJ+

> @ DWDVKD &DUUDURDQG 3DWULFN*DXGUHDX 36SRQWDQHRXV DQG HI!
QLQJ DQG FRSLQJ SODQQLQJ IRU SK\VLFDO3NVFRMKRQ R\ R IPGO/RI \U QI
([HUFLVH SsS +

> @DYLG &KDSPDQ DQG /HVOLH 3DFN .DHOEOLQJ 3, QSXW *HQHUDOL]DW
/HDUQLQJ $Q $OJRULWKP DQG 3HUIRUNMPBOESAB &RPSDWBISVRQY " ,Q

> @LFKDUG $ &AIDFVHMAOAWDQ VWDWLVWLFVYIRUH[SHULPHQWDO VFLHQWLVYV
GLVWULEXWLRQ QUHHIPHNWKR GV

> @ &RKHQ :6WDWLVWLFDO SRZHU DQDO\VLV IRUWKH EHKO¥XLRXUDO VI
IDZUHQFH (UOEDXP $VVRFLDWHYV

> @DFRE&RKHQ *$FRHIILFLHQW RIDJUHH PXWDRAL RQ B D@INIGVID O KR O R
PHDVXUHPHQW SS +

@ DFRE &RKHQ 3$ SRZHU SULPHU " ,Q

@DUN &RQQHU 7UDF\6DQGEHUJ DQG 3DXO 1RUPDQ 38VLQJDFWLRQ ¢
EHKDYLRAGZQDIOV RI %HKDYLRUDO OHGISFLQ@H

> @UHG ' 'DYLV 38VHU DFFHSWDQFH RI LQIRUPDWLRQ VA\VWHPV WKH W
7%0 © ,Q

> @DUWLQ 'LHULN[ 1HOH $OEHUV DQ® LD GHRR GDE B WDOM QYWH BIYU VR QD (
*RDO 6HWWLQJ ZLWK DXQHW XD CoRyRITRFKe y 8 fP a6 X ABBEI QDOIK B Q f
eD[TF

> @UHQR 4XLQWHOOD )DUDK HW DO 3% DUULHUV WR SK\VLFDO DFWLYL
DGXOWV D FURVV VHF/MRQDOFLWRENY JQU + HDBO W Kt

> @DVSHU)HLQH HW DO **HQGHU ELDEKRQWERW 5ERWHBDHNIKIRQGQHVLJIQ
,QWHUQDWLRQDO :RUNVKRS &219(56%$7,216 $PVWHUGDP 7KH 1H
+ 5HYLVHG 6HOHFW B $WLOGIHHWY SS  #

> @VLFKHOD )HUURQDQG 3DROR ODVVD 37UDQVWKHRUHWLFDO PRGHO IF
LQJ DQ DFWLYH CBURVFMNGHQJIJWRI WKH %LDQQXDO &RQIHUHQFH RI W
6,* &+, SS +

> @DUWLQ)LVKEHLQ DQG ,FHN $M]HQ ®*%HOLHI DWWLWXGH LQWHQWLR
RU\DQG UHVHDUFK”  ,Q

> @LVND )LWULBQUWH HWLD® 6RFLDO $JHQW 4XHMWLRQQIRWUMXPBRQVWUXP
kRfRNe8y39&%beiiTh,ff/ i X9imXMHf/ i b2ibf/32k+8j9@ /RNk@ 99RR @
8 2 +Nd7yRe8fe

> @LVND )LWULDQVB BIEGDIQDO\VLY XQGHUO\LQJ WKH UHVHDUFK LQWR
4XHVWLRQQDLUH (VWDEOLVKLQJ WKH ORQJ BIQG VKRUPRW XERVWLRQC
KRTRNd839je8Gd®iiTh,ff/ i X9imXMHTf/ i b2ibf7/j99/83@ Rj3R@ 99d+ @
+e28j2 yddofs



61JIVIRGIW

> @LVND )LWULDQLH HW DO 37KH DUWLILFLDO VRFLDO DJHQW TXHVWL
TXHVWLRQQDLUHHRPHHRAMIIVORI WKH QG $&0 ,QWHUQDWLRQDO &R
JHQW 9LUWXDO $31SQWV

> @LOOLDQ )UDQFLVHWDO B3&RQVWUXFWLQJ TXHVWLRQQDLUHY EDVHG
PDQXDO IRUKHDOWK VHUYLFHVY UHVHDUFKHUV™ ,Q

> @RPP\*IlUOLQJDQG 6DWRVKL )XMLL *6WUXFWXUDO HTXDWLRQ PRGHO(
,Q6FDQGLQDYLDQ -RXUQDO RI 3V\BSISR QR J\

> @PLO\*HLVHSY IRUPHDVXULQJ EHKDSE/RUIDO WHTXHQFV B+bX+QKf
#HQ;fK2 bm BM;@#2? pBQ  HY@A VLWHBMRQ f

> @OL]DEHWK *HUEHU HW DO 33URWRW\SLQJ IDFLQJXQFHBWDLQW\ WK
FHHGLQJV RI ,&(' WKH WK,QWHUQDWLRQDO &RQIHUHQFH RQ (QJLC
%HKDYLRULQ 'HVLJQ 3DOR $OWR &$ 86$S +

> @UDQNOLQ 1*OR]DK 3*([SORULQJ*KDQDLDQ DGROHVFHQWVY PHDQLQ.
FKRVRFLDO SHUVOQWHWIQYDHVLRQDO -RXUQDO RI 4XDOLWDWLYH 6WXGL!
S

> @DVWRQ*RGLQ 27KH*RGLQ 6KHSKDUG OHLVXUH WLPHSIKANDBIVWKD FW |
JLWQHVV -RXUQDO RI &D BBGD +

> @DUWLQ 6 +DJJHUDQG $OHNVDQGUD /XV]F]J\QVND 3 PSOHPHQWDWLR
LOQWHUYHQWLRQV LQ KHDOWK FRQWH[WYVY 6WDWH RI WKH UHVHDUFK
$SSOLHG 3VI\FKRORJ\ +HDOWK DQGSIBOQ %HLQJ

> @RKDQG +DPDGRXFKHHW DO 3&RPSDULVRQRIYDOXHLWHUDWLRQ S|
VROYLQJ GHFLVLRQ PDNLQJ,QWREIQHPVLR@O O &RQIHUHQFH RQ 8QPD
6\WWHPV ,&3%& SS +

> @/LP +DUULHVY HW DO 3(IIHFWLYHQHVV RI D VPDUWSKRQH DSS LQ LQFL
PDOHDGXOWY D UDQGRPLYVHGORRINEODOR G B HG OWMJIKSDSO ™ +,

> @DNX\D+LUDRNDHWDO 35HLQIRUFHPHQW OHDUQLQJRIFRRSHUDWLY
IUDPLQBURFHHGLQJV RI&2/,1* WKH WK,QWHUQDWLRQDO &RQIH!L
/ILQIXLVWLFV 7HFKQLFS® 3DSHUYV

> @»H\]D +L]OL 1HOH $OEHUV DQG :LD®PBPDRmXPRGHLANEPBQPO\LQJI WKH
WKHVLV *RDO VHWWLQJ GLDORJXH IRU SK\VLFDO2DRWKXK9YRWR ZLWK D
kyy9djk3X®RR ?iiTh,ff/ i X9imXMHf "iB+H2bfnfkyy9djk3fR

> @DUO,+RYODQG DQG :DOWHU :HLVV 37KH LQIOXHQFH RI VRXUFH FUH
WLYHQHSXEQDF RSLQLRQ TXDUWSHSUO\ +

> @DQ.HOOHUHWDO *:KLFKFKDUDFWHULVWLFVRISODQQLQJPDWWHU"
SODQV DQG WKHLU HITHFWV RRFQ D Q BRIDHFWRH QMG LBISGH +

> @ZD .XOLVHWDO 3:&ROODERUDWLYH G\DGLF DQG LQGLYLGXDO SOD(
UDQGRPL]HG FRQW U-HRHDOMX B ULEKR ORI\ S

> @ 7DUFDQ .XPNDOH DQG 'R ®R UHVHNOEDHISHFEIITHFW LQ SHUVXDVLRQ |
UHYLHZ3V)BKRORJLFDO EXOOH®LQ

> @DUJLH (/DFKPDQHWDO 3:KHQDGXOWV GRQYW H[HUFLVH %HKDYLRU
DFWLYLW\LQ VHGHQWDU\PLGGOH,QOHREY DOYGROPGHDIDL®XOWYV~ ,Q

> @ 5LFKDUG /DQGLVDQG *DU\* .RFK 37KH PHDVXUHPHQW RI REVHUYHU
GDWDELRPHWULFWS *

> @KDUORWWH /DUPXVHDX 3LHW 'HVPHW DQG )LHQ 'HSDHSH 33HUFH:?
,PSDFW RQ DFFHSWDQFH DQG XVH RI DQ R Q O,IQQHHUDFWQLYGI HRYRURQ
YLURQPHQWYV SS +

> @DU\ 3 /DWKDP DQG (GZLQ $/RFNH 36HOI UHIJXODWURRQUKDWRXRER DRD
EHKDYLRUDQG KXPDQ GHFLVLRQ SSSRFH¥ VHYV



61JIVIRGIW

> @DFNHQJLH /HDNH HW DO 3*HQHUDWLQJ $XGLR 9LVXDO 60LGHVKRZV
&RQFUHWH@HVYROQ SS  #

> @ OLQ /HH DQG 'DYLG 0 %XFKQHU 37KH LPSRUWDQFHFRH@DRALNQHYJ WR S
6FLHQFHLQ 6SRUWV ([HUFAVHE6

> @WHSKDQLH $QQD/HQJHQHWDO 3'LVHQWDQJOLQJVHOI PDQDJHPHQYV
$ VFRSLQJ UHBLREZ?2Q8 H

> @GZLQ$/RFNHDQG*DU\3/DWKDP 31HZGLUHFWLRRYVUWIOPQW 5Q WHHRNWN IRG
LQ SVIFKRORJLFDO VFLHIEFH +

> @GZLQ $/RFNH *DU\3 /DWKDP DQG OLULDP (UH] 37KH GHWHUPLQDQW
$FDGHP\RIPDQDJHPHQW UHYEBZ %

> @GZLQ $ /RFNH 30RWLYDWLRQ WKURXJK $RQVEH R XOQIRDDHWHIVOW L @ B’
FKRORJ\ SS + ,661 “2iiTh , ff/QBXQ ;fRy XRyRef
ayNek @ R39NUNe VB8y9B @ONffrrr Xb+B2M+2/B 2+i X +QKfb+B2M+2f "iB-
TBBfayNekR39NNe3yyy8N

> @HPPD/RR\HVW\QHWDO 3RHVJIDPLILFDWLRQLQFUHDVHHQJDJHPHQ
WHPDWLF URBBORIEZRQR H

> @DWH/RULJHW DO 37KH FRPSRQHQWYV RIDFWLRQ SODQQLQJDQG WKH
KHDOWK RXWRKRHRWLFQOOQHVVSS

> @/LIIDQ\ &KULVWLQD /XR HW DO 33URPRWLQJ SK\VLFDO DFWLYLW\ WK
PHWKRGYV VIVWHPDWRKXURWDOHZI OHGLFDO ,QWHUQHWI5HVHDUEFK

> @&DURO $QQ ODKHU HW DO 3$ SK\VLFDO DFWLYLW\DQG GLHW SURJUDEF
YLUWXDO KHDOWK FRDFK SUR-RI|5RR +HDOAM IS ¥ VGV X-6H D GV K

> @QQDY9 ODWWLROLHWDO 34XDUDQWLQH GXULQJ &29," RXWEUHDN
WLYLW\LQFUHDVH WKH ULVN RI FDX\EURWDRBX 0BW BEREDWMDQG &DU
'"LVHDVHYV SS + 661 '2iiTh,ff/QBXQ ;fRyXRyRef

DXMmMK2+/Xkyky X8pg RyiKiyp , ffrrrXb+B2M+2/B 2+iX+QKfb+B2M+2f "iB+H2
ayNjN9d8jkyjykRjR

> @ 3HWHU OF*UDZ %DUEDUD $ OHOOHUV DQG ,ODQD 5LWRY 37KH DIIHI
,Q-RXUQDO RI %HKDYLRUDO 'HFLVLBQ ODNMLQJ

> @QRXNOLGGHOZHHUGHWDO 3$SSVWR SURPRWH SK\VLFDO DFWLYLW\
DQDO\WLQWHUQDWLRQDO MRXUQDO RIEHKDYLRUDO QXWSLWLRQ DQ

> @KLZDOLORKDQ $QXVKD 9HQNDWDNULVKQDQ DQG $QGUHD/+DUW]OF
DQG VWXG\LQJ LWV XWLOLW\ LQ SURP R W$&W UHIXDDAMOLHROR/ER @ HJP MU
WLYH ,QWHOOLJHQW 6\VWH®Y ZLL6

> @X]DQQH ORURQ\HW DO 33UHGLFWLQJDFKLHYHPHQW &RQILGHQFH Y
FRQFHSW LQ &RQIXFLDQ DQG (XU RIHDUQPRXRYPDIOHWRXU@DO RI (GXF
VHDUFK SS #

> @\R 1DJDWD 7RPR\D +DVKLJXFKL DQG 'ULVV 6DGRXQ 3,V WKH 6LPSO}
JOLVK:ULWLQJ/HDUQLQIRBNSYXWWWQRBDOPLQIXLVWLFV WK, QWHUQ
RI WKH 3DFLILF $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV 3%
EHU = 5HYLVHG 6HOHFWHGL®IHUY  SS +

> @VLFKDHO 1HII HW DO 3(YDOXDWLQJ WKH HIITHFW RI JHVWXUH DQG ODQ
FRQYHUVDWLRQDQWHBOQWYH QW 9ILUWXDO $JHQWYV WK ,QWHUQDWLI
3KLODGHOSKLD 3% 86% 6HSWHPEHU 6SULIWRIAHHGLOS3V =

> @ X\$QK 1IJX\HQ -DNH O +RIPDQ DQG 'DQLHO **ROGVWHLQ 35RXQG QX
QLWLRRWRAHHGLQJV Rl WKH &+, &RQIHUHQFH RQ +XPDQ )DFWRUV L
SS

> @DYLG ILFKRORULQJIRU &R BBUEOLQGBQHBAK i?HQ;B+X+QKf+QHQ #HB N
YLVLWHG RQ



61JIVIRGIW

> @ODXGLR(MMUFLVH 6WDJHV RI &KDQB5/@KIRUWIYRBRM BX2/mf+T +f
K2 bm 2bf2t2 +Bb2fbi :2b@ Q7@ +? M Y2L@ b WH G@RAR " K f

> @UDYLV (20LSKDQW *$%D\HVLDQ SHUVSHFWLYHRQHVWLPDWLQJPHLD
IURP GDWD~ ,Q

@LFKDUG (SBHWWH HWDERUDWLRQ OLNHOLKRR®SURRGHO RI SHUVXDVLR

@ KHGD 5DGWNH HW DO 3$ FOXVWHU UDQGRPL]HG FRQWUROOHG WUL
LQGLYLGXDO SODQQLQJLQWHUYHQWLRQ ZLWK FROODERUDWLYH SO
HQKDQFH SK\WLFDO DFWLYL®W0& SR2EDWKKHDOMKSS +

> @WHSKDQLH$5RELQVRQHWDO *7LPHIRUFKDQJH XVLQJLPSOHPHQW
LFDO DFWLYLW\LQ D UDQGRRPREXROG BLORKWMDNIUMROS ,Q +

> @PHOLD 5RPHR HWDO 3&DQ VPDUWSKRQHDSSV LQFUHDVH SK\WVLFDO
PHWD DQDOARKVOQOD® RI PHGLFDO ,QWHUQHW UHVHDUFK

> @DPHV$5XVVHOO 3$ FLUFXPSOH{RPRUWMHIORR DIHAMR QP LWIDQG VRFLD
S

> @ (GZDUG 5XVVR 3DXO -+ 6FKRHPDNHU HW DO 3:0BQRDIQBIRYMIHRQII
PHQW UHYLHZ SS #

> @HVOH\6FREELH 'LDQH'L[RQ DQG 6DOO\:\NH **RDO VHWWLQJDQG D
WDWLRQ VHWWLQJ GHYHORSPHQW RI D WKHRUH \&DEDQ 8D DI RKIPEILCEOS
LWDWLRQ SS +

> @XQMLQ 6HRHW DO 2*7KH HIITHFWV RIJRDO RULJLQ DQG LPSOHPHQWDW
HITRUW DQG SHUIRKI? DRFWODQ RI ([SHULPHQWDO (G¥FDWLRQ

> @DQF\(6KHUZRRGDQGS5REHUW :-HIIHU\ 37KHEHKDYLRUDO GHWHUP L
IRU SK\WLFDO DFWLYLW$QQWBDO YHIWHRQVQ X W US® L RQ

> @DONR)6QLHKRWWD 8UWHG6FKRO] DQG5DOI 6FKZDU]JHU 3$FWLRQ SO
H[HUFLVH $ ORQJLWXGLQDO LQWHUYHQW L R®UWXG®KLQPRHOWEL® R UKH
SV\FKRORJ\ SSs

> @DONR ) 6QLHKRWWD HW DO 3$FWLRQ SODQQLQJDQG FRSLQJ SODQC
WKHRU\ DQG DVVHMXWRSHWQ ;RXUQDO RI 6RFLDO 3V\FKRORJ\

> @QGUHL 6SWHUDHFW)LW SURMHFW UDVDBSOHDUMAIRI BB UNQRQ Y HERWYLR Q
"2, RyX8k3Rfx2MQ/QXRBRREADITf/QBXQ ;fRyX8k3Rfx2MQ/QXRyRkek99

> @QGUHL 6WHIDQ 1HOH $OEHUV D Q GD:WOMHPGIDXMOKWILYNRGB IRU Wk
WHUV 7KHVLV WLWOHG "'\DGLF 3K\VLFDO $FWLYLW\30DQQLQJ ZLWK C
/HDUQLQJ WR 6HOHFW 3HUVXDVERY RBXORKR HIdN78yk @ yeRy@ 9 d/@ 3
2#+jeejN2y#R

> @QGUHL 6WHIDQ 1HOH $OEHUV DQ G HVOW HPJI 3ROD % YRQYBRDQLFDO $
7KURXJK 'LDORIXH 'RyXRdey8fPa6XABBI QRRXBQFfM[ r/

> @DUWLQ 6WHYHQV HW DO 3*7KH *URQLQJHQ (QMR\PHQW 4XHVWLRQQLI
OHLVXUH WLPH SK\VBFLDG DEFWXPDOW\QOGP®RWRU §SILO@V

> @WHSKDQLHG6WRFNZHOOHW DO *&KDQJHVLQ SK\WLFDODFWLYLW\DQ
GXULQJWKH &29," SDQGHPLFORFNGRZQ%D-VASW® 8SORULW UHMUFEZVHC
OHGLFLQH '2, RYXRRjef#KDb2K @ ky kySQURYINe §f#KDQT2Mb2K X #K D X
+QKf+QMi2MifdfRf2yyyNeySGIMmHAK FFEKDQT2Mb2KX#KDX+QKf+QMi2Mif
2yyyNey

> @\DQ - 6XPPLWW HW DO 36KRXOGHU LQMXULHV LQ LQGLYLGXDOV ZKR
6SRUWV KHDOWKSS +

> @KHOOH\ (7D\ORU HW DO *+DUQHVVLQJWKH LPDJLQDWLRQ OHQWDO
LQJ "$PHULFDQ SV\FKRORJLSW

> @LQWDR 7LDQ HW DO *&RQVLGHULQJLQWHUDFWLRQ VHTXHQFH RI KL

RPPHQGHU V\VWHWPDEONVH 6\VWHPV IRU$GYDQFHG $SSOLFDWLRQV

IHUHQFH '$6)$$ 7DLSHL 7DLZDQ $SULO = BERE@HBUW QJV
SS +
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>

@LKDW 7UDQ ODOLKH$OLNKDQL DQG'LDQH/LWPDQ *+RZWRDVNIRUG
SHUVXDVLYH GLDORJXH SROLFLHV W KURRXFIHKHGEL@LY HR L @K H U DVAMBLEROQR)
IHUHQFH RQ 8VHU ORGHOLQJ $GDSWDWLRSBSDQE 3HUVRQDOL]DWLRQ

@&DWULQH 7XGRU /RFNH :LOOLDP'-RKQVRQ DQG 3HWHU 7 .DW]PDU]\N
VWHSV SHU GD\ LQ 8a0BGXPW)\H D@Q@G VFLHQFH LQ VSRUWY DQG H[HU/|
SS *

@&DWULQH7XGRU /RFNHHWDO 3:DONLQJFDGHQFH VWHSV PLQ DQGL
DGXOWWWHKHUQDWLRQDO -RXUQDO RI % HKDYLRUDO 1XWIBISWIHRQ DQG 3

@ (11*$*( $FFHVVLEOH FRORU SDBGHWIWWH ,JHRMUW WRXU+QKfiQQHbf ++2b
bB#H2@ +QHQ @ T H2ii2@L\20MZ HGOR Q

@4LQJ :DQJ HW DO 3'LHW DQG SK\VLFDO DFWLYLW\ DSSV SHUFHLYHG
-0,5P+HDOWK DQG X+HDOHRVK

@DUUHQ (5 :DUEXUWRQ &U\VWDO :KLWQH\1LFRO DQG 6KDQQRQ 6' %UF
LFDO DFWLYLW\ WRRBIMLGHQFHSS,Q +

@$SLFKDL :DWWDQDSLVLW DQG 6DQKDSDQ 7KDQDPHH 3(YLGHQFH EHK
-RXUQDO RI +HDOWK 5HVHBBFK *

@ODXV :HEHU HW DO 3:3UHGLFWLQJ SHUVXDVLYHHIIHFWLYHQHVV IRU
LQJELSRODU ZHLJKWHG DUJXPHQW JUDSKV”™ ,Q

@WHIDQLH /:LOOLDPV DQG 'DYLG 3)UHQFK 3:KDW DUH WKH PRVW HIIF
IRU FKDQJLQJ SK\VLFDO DFWLYLW\ VHOI HIILFDF\ DQG SK\VLFDO DFV
VDPH""+@DOWK HGXFDWLRQ UHVES®UFK

@HIDQ ;X ;LQJKXL<DQ DQGODUN:1HZPDQ 38QGHUVWDQGLQJ3HRSOH

$FWLYLW\ 30DQQLQJDQG ([SORULQJ WKH ,PSDFW RI +LVWRULFDO 5H

WLRQ3URFHHGLQJV RI WKH &+, &RQIHUHQFH RQ +XPDQ )DFWRUV L
SS +

@ RFKHQ 3 =LHJHOPDQQ 6RQLD/LSSNH DQG5DOI 6FKZDU]JHU 3$GRSWI
LFDO DFWLYLW\ 30DQQLQJLQWHUYHQWLRQV LQ \BX\FXRARBIBOH DJH
+HDOWK Ss +
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/GIREVMSW YWIH MR XL
HMWGYWWM

JLIXUH ¥ KHILUVW VFHQDULR XVHG LQ WKH H[SHUW GLVFXVVLRQV



JLIXUH ¥ KH VHFRQG VFHQDULR XVHG LQ WKH H[SHUW GLVFXVVLRQV

JLIXUH ¥ KH WKLUG VFHQDULR XVHG LQ WKH H[SHUW GLVFXVVLRQV



JLIXUH ¥ KH IRXUWK VFHQDULR XVHG LQ WKH H[SHUW GLVFXVVLRQV

JLIXUH ¥ KH ILIWK VFHQDULR XVHG LQ WKHH[SHUW GLVFXVVLRQYV



JLIXUH ¥ KH VL[WK VFHQDULR XVHG LQ WKH H[SHUW GLVFXVVLRQV

JLIXUH ¥ KH VHYHQWK VFHQDULR XVHG LQ WKH H[SHUW GLVFXVVLRQV



JLIXUH ¥ KHHLIJKWK VFHQDULR XVHG LQ WKH H[SHUW GLVFXVVLRQV



-QTPIQIRXEXMSR SJ XLITIN
WXVEXIKM

& 4VSTSWMRK XS QEOIGLERKIW XS XLITPER

"KHQ WKLV SHUVXDVLYH VWUDWHJI\LVY XVHG WKH YLUWXDO FRDFK LQIRUF
WXQLW\WR FKDQJH WKH WLPHVY ZKHQ WKH\KDYH WR JR IRU ZDONV 7KH\F
GLVSOD\HG LQ WKH WDEOHRQ WKHOHIWVLGHRI WKHLU VFUHHQ 7KLV FD

JLIXUH KH FKDW IRUWKH DFWLRQ RI SURSRVLQJWR PDNH FKDQJHV WR WKH

& )J)\TPEMR [L] TPERRMRK MW YWIJYP

7KH YLUWXDO FRDFK SUHVHQWY WKH SHUVRQ ZLWK D IHZ UHDVRQV ZK\ SC
DFWLYLW\ 7KHUHDVRQVDUH WKHIROORZLQJ

t WFDQ KHOS NHHS PHPRWLYDWHG WR JR IRU ZDONYV

t WFDQ KHOS PH FUHDWH D KDELW RIWDNLQJZDONV UHJXODUO\
t WFDQ KHOS PH YLVXDOLVH WKHURDG WRZDUGVY WKHJRDO

It WFDQ KHOS PH GHDO ZLWK REVWDFOHYV

3HRSOH DUH DVNHG WR SLFN WKH RQH WKH\ WKLQN ZRXOG EH WKH PRV
WKHLU DQVZH%® )DIWWHHI ZKLFK WKH YLUWXDO FRDFK VKRZV WKH FRUUHVS
%



& -HIRXMJ] FEVVMIVW ERH (IEP [MXL FEVVMIVW

7KHUHDVRQVDQG WKHFRUUHVSRQGLQJH[SODQDWLRQVVKRZQ WR SHR
HW D@ PQG 6QLHKRWWD 6FKROJ@DRGG RIQZDXJHILYFXVVLRQV ZLWK DQ H|
SV\FKRORJ\

JLIXUH %BKH ILUVW SDUW RI WKH FKDW IRU WK
H[SODLQLQJZK\SODQQLQJ LV XVHIXd

DFWLRQ RI
BKHVHFRQG SDUW RI WKH FKDW IRU WKH DI

H[SODLQLQJZK\SODQQLQJLV XVHIXO

H
H

& -HIRXMJ]FEVVMIVW ERH (IEP [MXL FEVVMIVW

7KHYLUWXDO FRDFKILUVW KHOSY SHRSOHLGHQWLI\EDUULHUVY E\SURYL
IRU SK\VLFDO DFWLYLW\

+/DFN RI WLPH

$/DFN RI HQHUJ\
$'LVOLNLQJEHLQJLQ WKH SUHVHQFH RI RWKHUV ZKHQ H[HUFLVLQJ
$/DFN RIHTXLSPHQW

$)DPLO\REOLJDWLRQV

"KHQLGHQWLI\LQJEDUULHUV WKH YLUWXDO FRDFK SUHVHQWY WKH FRI
WKH RSWLRQ ", KDYH D GLIITHUHQW EDUULHU"™ 7KH SHUVRQ LV DVNHG WR
KLQGHU WKHP WKH®RVMWQ GLWKHK W\SHLQ WKH FKDW WKHMLU EDUULHU LQ C

JLIXUH KH VHFRQG SDUW RI WKH FKDW IRU WKH DI
LGHQWLI\LQJEDUULHUYV

JLIXUH %KH ILUVW SDUW RI WKH FKDW IRUWKH DFWLRQ RI
LGHQWLI\LQJ EDUULHUV
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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 ¢l have a different
barrierd, 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], BI§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].

@ @ Let's first see what you think would be a good way of
We've previously thought of barriers which might dealing with your barrier.
prevent you from taking walks regularly. =
Earlier, you told me that this is your barrier: I'm usually
really tired when | come home from work, and going for
Q!E) awalk doesn't sound so appealing.
Now, let's try to think of how you could overcome those
barriers

Think for yourself: how can you overcome this barrier?

Q!E) Please type your strategy in the chat
Keep in mind that, while | can provide suggestions, it's

really up to you to come up with the solution that works
best for you.

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

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

dealing with barriers

a

Okay! Now. you have your approach to this barrier. Here
is a strategy | thought about.

In terms of energy, think back to when we talked about
when you feel most energetic during the day. Aim to
schedule walks at those times, since it will be easier for
you that way.

Now that you have seen my suggestion, maybe you
have gotten a different idea for a solution. So, I would
like to ask again: how would you overcome this barrier?

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

007 0004 ooiiuoobot bbb tooUo Uobood oo bhoiddoo bt oo
0O00000O0 Do0lood

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.

(o)

Seeing other people make plans and see how they
succeed with regards to their goals is something that
might help you.

)

Let's take a look at a few such cases.

Here is how this person introduces themselves: 'l had
been a bit of a couch potato before early retirement.
however, during the last year | have taken up walking’

This person achieved the following goal: 'l reached over
10.000 steps in 24 hours. | achieved this by walking daily
along beaches and in forests’

Please click the button once you are done reading how
planning helped this person.

What can you take away from this example for
yourself? Please type this in the chat.

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



Distribution of the data

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

State . . : : Actloq . . . . Total
changes to plan explain planning identify barriers deal with barriers  show testimonials
604, 604] 51 25 22 23 27 148
[600, 624] 18 8 13 11 11 61
[615, 608] 23 14 17 10 11 75
[615, 10] 81 39 33 41 41 235
Total 173 86 85 85 90 519
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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 personis 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
2 0.0066
1 confidence 3 0.0051
4 0.0004
2 0.0080
1 perceived usefulness 3 0.0160
4 0.0648
2 0.0522
1 attitude 3 0.0815
4 0.2467
Feature selected: confidence, with two values.
2 < 0.0001
2 perceived usefulness 3 0.0011
4 0.0064
2 0.0017
2 attitude 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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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, iconfidence, iperceived usefulnessi, 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, 600, 604, True, False, False, False]

changes to plan

[0, 100, 014, True, False, False, False]

changes to plan

[0, 010, 604, True, False, False, False]

changes to plan

[0, 010, 014, True, False, False, False]

changes to plan

[0, §00, 604, False, True, False, False]

changes to plan

[0, (0, 615, False, True, False, False]

changes to plan

[0, 010, 004, False, True, False, False]

changes to plan

[0, 114, 615, False, True, False, False]

changes to plan

[0, d00, 004, False, False, False, True]

changes to plan

[0, (0, 615, False, False, False, True]

changes to plan

[0, 010, 000, False, False, False, True]

changes to plan

[0, 113, 615, False, False, False, True]

changes to plan

[0, 100, 006, False, False, False, False]

identify barriers

[0, (0, §15, False, False, False, False]

explain planning

[0, 010, 006, False, False, False, False]

explain planning

[0, 113, §15, False, False, False, False]

explain planning

[1, 08, 606, True, True, True, True]

changes to plan

[1, 60§, 614, True, True, True, True]

changes to plan

[1, 01, 006, True, True, True, True]

changes to plan

[1, 010, 626, True, True, True, True]

changes to plan

[1, 600, 016, True, True, True, False]

changes to plan

[1, 410, 606, True, True, True, False]

changes to plan

[1, 600, 616, True, True, False, True]

changes to plan

[1, 410, 606, True, True, False, True]

changes to plan

[1, 60§, 604, True, True, False, False]

deal with barriers

[1, 600, 016, True, True, False, False]

deal with barriers

[1, 614, 604, True, True, False, False]

deal with barriers

[1, 010, 626, True, True, False, False]

deal with barriers

[1, 60§, 604, True, False, False, True]

identify barriers

[1, 08, 016, True, False, False, True]

identify barriers

[1, 614, 604, True, False, False, True]

identify barriers

[1, 010, 016, True, False, False, True]

identify barriers
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[1, 08, 604, True, False, False, False]

identify barriers

[1, 600, 014, True, False, False, False]

show testimonials

[1, 010, 604, True, False, False, False]

show testimonials

[1, 614, 615, True, False, False, False]

show testimonials

[1, 00, 016, False, True, True, True]

changes to plan

[1, 614, 605, False, True, True, True]

changes to plan

[1, 08, 604, False, True, True, False]

explain planning

[1, i0§, 615, False, True, True, False]

explain planning

[1, 014, 606, False, True, True, False]

show testimonials

[1, 614, 615, False, True, True, False]

explain planning

[1, 100, 000, False, True, False, True]

deal with barriers

[1, 60§, 614, False, True, False, True]

explain planning

[1, 010, 006, False, True, False, True]

deal with barriers

[1, 614, 615, False, True, False, True]

deal with barriers

[1, 08, 006, False, True, False, False]

deal with barriers

[1, i0g, 615, False, True, False, False]

deal with barriers

[1, 010, 000, False, True, False, False]

deal with barriers

[1, 010, 016, False, True, False, False]

deal with barriers

[1, 0, 000, False, False, False, True]

identify barriers

[1, 00, 014, False, False, False, True]

explain planning

[1, 010, 000, False, False, False, True]

explain planning

[1, 010, 016, False, False, False, True]

explain planning

[1, (0§, 604, False, False, False, False]

identify barriers

[1, 600, 014, False, False, False, False]

explain planning

[1, 614, 605, False, False, False, False]

show testimonials

[1, 010, 016, False, False, False, False]

identify barriers

[2, (04, 608, True, True, True, False]

show testimonials

[2, 004, 016, True, True, True, False]

show testimonials

[2, 014, 608, True, True, True, False]

show testimonials

[2, 00, 006, True, True, False, True]

deal with barriers

[2, (0§, 615, True, True, False, True]

deal with barriers

[2, 010, 006, True, True, False, True]

deal with barriers

[2, §0§, 604, True, True, False, False]

deal with barriers

[2, 010, 006, True, True, False, False]

deal with barriers

[2, §0§, 604, True, False, False, True]

identify barriers

[2, 100, 016, True, False, False, True]

identify barriers

[2, 810, 606, True, False, False, True]

identify barriers

[2, 08, 004, True, False, False, False]

identify barriers

[2, 00, 014, True, False, False, False]

show testimonials

[2, 010, 004, True, False, False, False]

show testimonials

[2, 00, 606, False, True, True, True]

explain planning

[2, (0§, 615, False, True, True, True]

explain planning

[2, 110, 006, False, True, True, True]

explain planning

[2, (04, 604, False, True, True, False]

explain planning

[2, 100, 016, False, True, True, False]

explain planning

[2, 114, 604, False, True, True, False]

show testimonials

[2, 004, 006, False, True, False, True]

deal with barriers

[2, §0§, 615, False, True, False, True]

explain planning

[2, 010, 000, False, True, False, True]

deal with barriers

[2, (0, 604, False, True, False, False]

deal with barriers

[2, 00, 016, False, True, False, False]

explain planning

[2, 114, 604, False, True, False, False]

deal with barriers

[2, 108, 000, False, False, False, True]

identify barriers
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[2, 600, 014, False, False, False, True]

explain planning

[2, 010, 000, False, False, False, True]

explain planning




T 1

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, iconfidence, iperceived usefulnessi, 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, 600, 604, True, False, False, False]

changes to plan

[0, 100, 014, True, False, False, False]

changes to plan

[0, 010, 604, True, False, False, False]

changes to plan

[0, 010, 014, True, False, False, False]

changes to plan

[0, §00, 604, False, True, False, False]

changes to plan

[0, (0, 615, False, True, False, False]

changes to plan

[0, 010, 004, False, True, False, False]

changes to plan

[0, 114, 615, False, True, False, False]

changes to plan

[0, d00, 004, False, False, False, True]

changes to plan

[0, (0, 615, False, False, False, True]

changes to plan

[0, 010, 000, False, False, False, True]

changes to plan

[0, 113, 615, False, False, False, True]

changes to plan

[0, 100, 006, False, False, False, False]

changes to plan

[0, (0, §15, False, False, False, False]

changes to plan

[0, 010, 006, False, False, False, False]

changes to plan

[0, 113, §15, False, False, False, False]

changes to plan

[1, 08, 606, True, True, True, True]

changes to plan

[1, 60§, 614, True, True, True, True]

changes to plan

[1, 01, 006, True, True, True, True]

changes to plan

[1, 010, 626, True, True, True, True]

changes to plan

[1, 00, 606, True, True, True, False]

changes to plan

[1, 600, 616, True, True, True, False]

changes to plan

[1, 010, 606, True, True, True, False]

changes to plan

[1, 010, 616, True, True, True, False]

changes to plan

[1, 60§, 608, True, True, False, True]

changes to plan

[1, 00, 616, True, True, False, True]

changes to plan

[1, 614, 608, True, True, False, True]

changes to plan

[1, 010, 616, True, True, False, True]

changes to plan

[1, 60§, 618, True, True, False, False]

changes to plan

[1, 010, 006, True, True, False, False]

changes to plan

[1, 60§, 604, True, False, False, True]

changes to plan

[1, 00, 016, True, False, False, True]

changes to plan
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[1, 010, 606, True, False, False, True]

changes to plan

[1, 010, 026, True, False, False, True]

changes to plan

[1, 00, 604, True, False, False, False]

show testimonials

[1, 60§, 615, True, False, False, False]

identify barriers

[1, 010, 60§, True, False, False, False]

identify barriers

[1, 614, 615, True, False, False, False]

identify barriers

[1, 00, 604, False, True, True, True]

changes to plan

[1, 60§, 615, False, True, True, True]

changes to plan

[1, 014, 006, False, True, True, True]

changes to plan

[1, 614, 615, False, True, True, True]

changes to plan

[1, 00, 006, False, True, True, False]

show testimonials

[1, 60§, 613, False, True, True, False]

changes to plan

[1, 010, 006, False, True, True, False]

changes to plan

[1, 613, 615, False, True, True, False]

changes to plan

[1, 108, 016, False, True, False, True]

changes to plan

[1, 614, 604, False, True, False, True]

changes to plan

[1, 08, 016, False, True, False, False]

show testimonials

[1, 010, 606, False, True, False, False]

explain planning

[1, 0, 000, False, False, False, True]

explain planning

[1, 00, 014, False, False, False, True]

identify barriers

[1, 010, 000, False, False, False, True]

identify barriers

[1, 010, 016, False, False, False, True]

identify barriers

[1, 60§, 615, False, False, False, False]

identify barriers

[1, 010, 604, False, False, False, False]

identify barriers

[2, (0, 608, True, True, True, False]

show testimonials

[2, 00, 616, True, True, True, False]

show testimonials

[2, 014, 608, True, True, True, False]

show testimonials

[2, 014, 016, True, True, True, False]

show testimonials

[2, §0, 608, True, True, False, True]

deal with barriers

[2, 600, 016, True, True, False, True]

deal with barriers

[2, 013, 60§, True, True, False, True]

deal with barriers

[2, 010, 016, True, True, False, True]

deal with barriers

[2, §0§, 604, True, True, False, False]

show testimonials

[2, 010, 006, True, True, False, False]

show testimonials

[2, §0§, 604, True, False, False, True]

identify barriers

[2, 100, 016, True, False, False, True]

identify barriers

[2, 810, 606, True, False, False, True]

identify barriers

[2, 010, 026, True, False, False, True]

identify barriers

[2, 0, 604, True, False, False, False]

show testimonials

[2, 08, 014, True, False, False, False]

identify barriers

[2, 010, 604, True, False, False, False]

identify barriers

[2, (0, 604, False, True, True, True]

explain planning

[2, 00, 016, False, True, True, True]

explain planning

[2, 014, 605, False, True, True, True]

explain planning

[2, 010, 016, False, True, True, True]

explain planning

[2, (04, 604, False, True, True, False]

show testimonials

[2, 004, 016, False, True, True, False]

show testimonials

[2, 014, 604, False, True, True, False]

explain planning

[2, 100, 000, False, True, False, True]

explain planning

[2, (0§, 615, False, True, False, True]

deal with barriers

[2, 010, 000, False, True, False, True]

explain planning

[2, 114, 604, False, True, False, False]

explain planning

[2, 108, 000, False, False, False, True]

explain planning
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[2, 600, 014, False, False, False, True]

identify barriers

[2, 010, 000, False, False, False, True]

identify barriers




Policy when 1gnoring the person's
situation

Table G.1: Optimal policy for the model using the first reward function and without considering the personis 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



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 Cohenis 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 Cohenis 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 personis state is, in general, small.

Since the simulation in Q5 indicated that, over time, peopleis 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 Cls. Cohenis 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.

0.00025]

Persuasive strat- | Mean, standard deviation, | Probability of | Cohenisd
egy and 95% HDI Cl of the dif- | mean being
ference larger  than
zero and
smaller than
zero
mean -0.008
f?rZ?E?ne: to plan sd 0.056 larger 0.487 ?r.nSozderate)
95% HDI CI [-0.001, | smaller 0.513
0.001]
mean <0.001
SC:C"’:)”ng dezr;"ep'a” sd <0.001 larger 0.498 ?S'#la”)
95% HDI CI [-0.00014, | smaller 0.502
0.00014]
mean <0.001 0.15
Explain planning sd <0.001 larger 0.498 (émall)
95% HDI CI [-0.00016, | smaller 0.502
0.00017]
mean <0.001 0.07
Identify barriers sd <0.001 larger 0.501 (sr.nall)
95% HDI CI [-0.00019, | smaller 0.499
0.00018]
mean <0.001 0.20
Deal with barriers | sd <0.001 larger 0.5 (rﬁoderate)
95% HDI CI [-0.00025, | smaller 0.5
0.00024]
mean <0.001 0.21
Show testimonials | sd <0.001 larger 0.487 (r.noderate)
95% HDI CI [-0.00027, | 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.

0.00030]

Persuasive strat- | Mean, standard deviation, | Probability of | Cohenisd
egy and 95% HDI Cl of the dif- | mean being
ference larger  than
zero and
smaller than
zero
mean <0.001
f(l:rrs'f‘gf’nees toplan | o4 <0.001 larger 0.493 ?S'ﬁqoa”)
95% HDI CI [-0.00043, | smaller 0.507
0.00042]
mean <0.001
Scehca:)nngdezr;oeplan sd <0.001 larger 0.494 ?5'217&”)
95% HDI CI [-0.00024, | smaller 0.506
0.00022]
mean <0.001 0.15
Explain planning sd <0.001 larger 0.499 (s.mall)
95% HDI CI [-0.00048, | smaller 0.501
0.00048]
mean <0.001 -0.003
Identify barriers sd <0.001 larger 0.503 (sr.nall)
95% HDI CI [-0.00024, | smaller 0.497
0.00025]
mean <0.001 0.11
Deal with barriers | sd <0.001 larger 0.5 (s.mall)
95% HDI CI [-0.00027, | smaller 0.5
0.00027]
mean <0.001 0.01
Show testimonials | sd <0.001 larger 0.501 (s.mall)
95% HDI CI [-0.00032, | smaller 0.499

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

Feature Mean, standard deviation, | Probability of | Cohenis d
and 95% HDI Cl of the dif- | mean being
ference larger  than
zero and
smaller than
zero
mean 1.6 0.75
Confidence sd 1.9 larger > 0.999 (r.noderate)
95% HDI CI [1.2, 2.0] smaller <0.001
. mean 0.68
E:é?uellr\llggs sd1.3 larger > 0.999 ?r.n4osderate)
95% HDI CI [0.30, 1.1] smaller < 0.001




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

ter
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- | the virtual coach did not properly understand more complex issues

standing 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-| not seeing how to do the walks after week 2, or not being able to

tomisability or detail

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 1.1. 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 Cohenis Kappa
[28] and Brennan-Predigeris 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 1.3. According to Cohenis 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, Cohenis 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 1.2: Cohenis Kappa and percent agreement for the entire data set and per code for the motivating factors.

I Input | Cohenis Kappa | Brennan-Predigeris 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 1.3: Cohenis Kappa and percent agreement for the entire data set and per code for the demotivating factors.

I Input | Cohenis Kappa | Brennan-Predigeris 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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