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Abstract

Behavior support applications require an under-
standing of the user’s values to provide personal-
ized support. User models have been developed to
capture this relationship, but they may not always
address unforeseen circumstances due to the chang-
ing nature of human values. To address this, the
ability to update value models in real-time is cru-
cial. This paper presents a study on the design of a
graphical user interface (GUI) that utilizes behavior
trees to elicit and update personal values. The study
focuses on comparing the accuracy and usability of
different questioning techniques, specifically com-
parative questions and isolation questions, and user
interfaces. The results show that GUI with iso-
lation questions and text user interface with com-
parative questions performed better in terms of ac-
curacy compared to GUI with comparative ques-
tions. The study also highlights the possible im-
pact of discrepancies in experimental procedures
on the results. Furthermore, the limitations of the
behavior tree model and the need for model im-
provements are discussed. Future work is proposed
to address these limitations and explore enhance-
ments such as alternative models, supervised pro-
cesses for baseline tree building, frictionless elic-
itation techniques, consideration of random value
shifts and big life events, and the potential of large
language models. Overall, the findings contribute
to the understanding of eliciting and updating user
value models in personalized systems.

1 Introduction

Behavior support applications are becoming increasingly
prevalent in our daily lives, providing personalized support
to help individuals achieve their goals. According to [1] the
growing symbiotic relationship between individuals and these
systems has created a demand for personalized systems that
comprehend the unique needs of their users. For example,
a healthy lifestyle support agent shouldn’t insist on a run if
it’s currently raining and the user values comfort over stay-
ing fit. To achieve this, user models have been developed to
capture the relationship between the user’s desired behavior
and their values. [2] proposed a way to enable agents to con-
sider personal values in decision-making and [3] proposed a
framework that enables the behavior support agent to reason
about a user’s normative behavior and provide the support
that is aligned with their values. Although user models can
help adapt to users’ needs, they may not always be sufficient
to address unforeseen circumstances due to the changing na-
ture of human values as outlined in [4].

Given the aforementioned, there is a need for an effec-
tive and accurate way to elicit and update user value models.
However, in the current research, there is a knowledge gap
in how to build a system, which could update the user’s value
model in run-time, instead of relying on information provided
during the setup of a behavior support system.

Under this context, the study aims to bridge the knowledge
gap by developing a graphical user interface that uses com-
parative questions to elicit and update user values. A com-
parative question is ”a question intended to compare two or
more entities and it has to mention these entities explicitly
in the question”. [5, p. 1] Comparing alternatives is a very
simple and common framework for evaluating possible de-
cisions. Humans are able through comparing alternatives to
make a decision that maximizes positive outcomes.

In this research study, a team of five researchers is con-
ducting experiments to explore various user interface types
and questioning methods. The main emphasis of this paper
is on investigating Condition GC. Among the five conditions
considered, Conditions GI and 7TC are also relevant to this
paper since they share similarities with the condition under
study:

* Condition GC: Graphical user interface and compara-
tive questions (this study)

¢ Condition GI: Graphical user interface and isolation
questions

* Condition TC: Textual user interface and comparative
questions

¢ Condition TI: Textual user interface and isolation ques-
tions

* Condition AI: Audio user interface and isolation ques-
tions

Using prototype built for Condition GC, the following re-
search hypothesis and question are addressed:

* Research Question - How does a graphical user inter-
face that uses a comparative questioning technique in-
fluence the accuracy of the user value model?

* RH1 - Graphical User Interface (GUI) using the compar-
ative questioning technique leads to the most accurate
behavior tree model when compared to other conditions.

* RH2 - Graphical User Interface (GUI) using the com-
parative questioning technique has the highest usability
when compared to other conditions.

The impact of this Research Project will allow future behav-
ior support agents to decide on the adoption of in compari-
son questioning technique and using a graphical user inter-
face type. The study’s results will provide insights into the
perceived accuracy on the user’s value model and will allow
to conclude the effectiveness of comparative questioning and
graphical user interface.

The rest of the paper will outline how the research question
was answered. Section 2 will present the additional back-
ground information, explain the functioning of behavior tree
value model, and describe different evaluation methods of the
prototype and the generated tree. Then, 3 will outline a de-
sign of a graphical user interface used in the experiment and
major design choices. Additionally, Section 4 presents how
the comparative questions were designed and how they can be
used to build a behavior tree model. Later, Section 5 presents
the design and procedure of the experiment and how data will



be collected. Section 6 analyzes ethical aspects of the re-
search and presents the reproducibility of experimental meth-
ods. Section 8 offers a comprehensive analysis of the results,
while Section 9 provides concluding remarks and suggests
potential future improvements.

2 Proposed Approach

This section provides a methodology to address the research
question. It begins with Subsection 2.1, which outlines the
creation of Misalignment Scenarios. Subsection 2.2 then dis-
cusses how these scenarios can be utilized to define behav-
ior tree models. In order to assess the accuracy of the be-
havior tree model, a baseline tree needs to be established, as
described in Subsection 2.3. Finally, Subsection 2.4 details
the use of the baseline tree for evaluating the method’s ac-
curacy, along with the employment of the System Usability
Scale (SUS) to assess the interface’s usability.

2.1 Misalignment scenarios

Misalignment scenarios occur when the advice provided by
a behavior support agent fails to consider unforeseen circum-
stances or the user’s individual values and context. For ex-
ample, a person with a long-term goal of increasing their wa-
ter intake may find themselves in a social event where they
highly value social acceptance. In this context, they may
choose to deviate from their goal and drink fizzy beverages
instead. However, a behavior support agent that blindly opti-
mizes for the long-term goal would continue to advise them
to drink water when thirsty. Personalized and context-aware
support is crucial in such situations to address misalignment
and provide relevant guidance. Formalizing the scenario out-
lined above:

* Long term goal: Drinking more water
* Behavioral Challenge: Drink Choice

* Possible behavior choices: Drink water or drink sug-
ary/sweet drinks

» Affected value: Social Acceptance
» Misalignment reason: Attending a social event

We extended the misalignment scenarios used in the exper-
iment defined in Section 5, as real-life behavioral challenges
might affect not just one, but multiple values. Below is the
extended misalignment scenario mentioned earlier. Refer to
Appendix A for the complete list of scenario definitions.

* Long term goal: Drinking more water
* Behavioral Challenge: Drink Choice

* Possible behavior choices: Drink water or drink sug-
ary/sweet drinks

Affected values: Health, Enjoyment, Social Acceptance

* Misalignment reason: Attending a social event (Party)

2.2 Behavior Tree Model

The behavior tree model is a formal way to store information
on the misalignment reasons, values, behavioral choices, and
the relationship between them. The effect of behavior choices

on values can vary, ranging from positive to neutral or nega-
tive, and can be represented using weighted factors. For the
context of modeling values into behavior trees the following
scale was chosen:

1. -10: Very Negative

2. -5: Negative Impact

3. 0: No Impact

4. 5: Positive Impact

5. 10: Very Positive Impact

In the example scenario described in Section 2.1, Figure 1
depicts a behavior tree. The “Drink choice” node represents
the behavioral challenge of choosing a drink, with "Drink wa-
ter” and ”Drink Sugary drink” as the two available choices.
An empty circle relationship indicates the options for the
challenge. Additionally, the choice of drinking water directly
influences the personal values of "Health,” "Enjoyment,” and
”Social Acceptance,” as denoted by the arrow relationships.
The weights on the arrows represent the impact of behavior
choices on values.

Drink choice
Drink water Drink Sugary drink
S @/\

Figure 1: Behavioral challenge of drinking choice with two choice
of drinking water and drinking sugary drinks. Empty circle relation-
ship defined “is instance of” relationship, while arrow is a “affects”
relationship. Given this, drinking water has a very positive effect on
health, positive effect on enjoyment and social acceptance. While
drinking sugary drinks have very negative effect on social accep-
tance, negative effect on enjoyment and health.

Misalignment scenarios enable the observation of value
importance in specific contextual misalignments. By incor-
porating the misalignment reason into a behavior tree, we can
introduce an additional context node, depicted as the rounded
rectangle “Party” node in Figure 2. The arrow relationships
from the misalignment reason node to the values indicate
their respective effects. To determine the complete impact
of a choice within the context, the weights of the incoming
arrow relationships are summed.
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Figure 2: The drinking choice behavioral challenge involves two
options: drinking water and drinking sugary drinks. The presence
of the misalignment reason (party) influences the effects of these
choices on the value nodes. The weights from the Party node to
the value nodes indicate how much the misalignment reason modi-
fies the baseline impact of a choice on a value. For instance, while
drinking water generally has a negative effect on enjoyment, in the
context of a party, the combined incoming weights (-10) reflect a
significantly more negative impact on the enjoyment value. In sim-
ple terms, although a person may not typically enjoy drinking water,
the context of a party intensifies the negative enjoyment associated
with it.

Social Social
Acceptance Acceptance

2.3 Baseline tree

To assess the accuracy of the generated behavior trees, a base-
line is required, representing the user’s actual perceived val-
ues. In this study, participants are asked to enhance the gen-
erated trees to align with their perceived values. Each partici-
pant receives a tree for each scenario, generated based on their
responses. They manually review and adjust each weight to
create an improved behavior tree that better reflects their per-
ceived values.

2.4 Evaluation methods

Accuracy of the generated tree

Given a behavior tree: a generated tree G(V, E) in which V
is a set of nodes and E is a set of edges connecting some
two nodes 7, j € V. An improved tree T(V, E) has the same
structure as the generated tree G, meaning the same set of
nodes and connections between nodes, except for each edge

e;; € I the weight value wb‘”e denoting weight value be-
zm;m‘oved de-

tween 4,7 € V in G might be different from w;,
noting weight value between 7,5 € V in T. We can thus
compare G and 7" using the followmg distance measures
Hamming Distance = # of weight changes
between G and B trees
AWC = Z |w3z}seline _ g’jnerated|
e ;€EE
Usability

Each participant performs a System Usability Scale (SUS), as
outlined in [6], to evaluate the usability of the interface.

3 Interface Design

A mid-fidelity prototype was created using Figma!, a collab-
orative wireframing tool. Using Figma we can create inter-
active prototypes that will allow for experiment subjects to
interact with an interactive med-fidelity prototype while al-
lowing us to deliver the prototype reasonably fast. Figure 3
shows snippets of the prototype. The full prototype can be
found in this Figma link.

3.1 Rationale for design choices

Below a discussion about how certain design principles are
ensured can be found.

X
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following statement:

following statement:
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than drinking sugary drinks.
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Figure 3: A snippet of the prototype that was created for the study.
The left screen is from the third misalignment scenario described in
Appendix A, while the right screen is from the first.

Visibility of system status

1. The status bar at the top of the bottom sheet displays
the current question and progress, informing users about
their task completion.

2. Clicking on a choice highlights the corresponding emoti-
con, and the answers are preserved when navigating for-
ward or backward.

Recoverability

1. Users can correct mistakes by selecting a different an-
SWer.

2. Accidental clicks on the ”Next” button can be reverted
using the Previous” button.

Multi-modality

1. The interface utilizes textual and visual cues to immerse
users in the context.

Minimalistic design

1. Each screen has at most three interactive elements, all
crucial to answer questions and to navigate through
them.

"https://www.figma.com


https://www.figma.com/file/BoQ0m0cbFih17Kcgngahnj/Untitled?type=design&node-id=90-5293&t=v2TgkHHGSHi7I2HF-0

4 Questions for eliciting values
4.1 Questions

The questions were designed in a way that could be answered
on a 5-point Likert Scale. There are two types of statements:
one asks about user’s values in general, and the other sets the
question in a specific context, a misalignment reason. For
example:

* General question: I think drinking water is more so-
cially acceptable than drinking sugary drinks.

* Context-specific question: I think drinking water is
more socially acceptable than drinking sugary drinks
when I am at a social event.

The full set of questions for all four misalignment scenarios
can be found in Appendix B.

4.2 Building Behavior Trees from user’s answers

Using the general and context-specific questions a behavior
tree can be generated. To simplify the manual process of
drawing trees four scripts, one for each scenario, have been
written that generate the trees. The scripts have been open-
sourced and can be accessed in this GitHub repository.

Manually generating a behavior tree

General questions with no specific context are used to elicit
general values from the user. The answer of ’Strongly agree”
to I think drinking water is more socially acceptable than
drinking sugary drinks.” will result in two edges:

1. Drink Water — Health : 10
2. Drink Sugary Drink — Health : —10

So the first subject of the questions gets assigned the weight
of the answer, while the second subject of the question gets
assigned an additive inverse (a number that together adds up
to a zero) of the weight of the first edge.

Context-specific questions are used to discover how user’s
values changes given a misalignment reason. The answer of
”Strongly agree” to I think drinking water is more socially
acceptable than drinking sugary drinks when I am at a social
event.” shows no change in user’s value when compared to
general case. The answer will result in two edges of 0 weight:

1. Party — Health (Water) : 0
2. Party — Health (Sugary Drink) : 0

S Experimental Setup

The experiment will involve a sample group of 15 people
ranging from 18 to 65 years of age, all of whom are techno-
logically literate and capable of successfully using a smart-
phone. Ideally, the participants will be chosen from diverse
disciplines to ensure a varied representation within the sample
group. Within the study, 2 experimental setups are chosen:
single-condition and multiple-condition. Single-condition is
a between-subject design with subjects testing one of the 5
conditions. Multiple-condition setup is a within-subject ex-
periment where each participant tests every condition.

5.1 Single-Condition Setup
Procedure Each participant:

1. Sends a consent form to be signed and participant infor-
mation to get more familiar with the study.

2. In a call together with a participant the procedure is ex-
plained and a base and a context tree as defined in Sub-
section 4.2 is built.

3. Using a custom Python script generate trees and import
them to a Miro board

4. During a call, the Miro board will be shared, and each
weight will be reviewed together with the participant.
The participant’s task is to adjust any weight that does
not align with their perceived values. This step aims to
create a baseline tree that accurately measures the gen-
erated tree’s correctness.

5. Lastly, each participant perfrosm System Usability Scale
(SUS), as outlined in [6], to evaluate the usability of the
interface.

5.2 Multiple-Condition Setup

In the second part of the experiment, five of the participants
carried out the experiments of all conditions, exactly as de-
fined in a single-condition setup. The same accuracy mea-
sures will be collected and used as in a single-condition setup.
Additionally, the conditions will be ranked by each partici-
pant based on how accurately they represent our values. The
ranking together with accuracy measures will allow us to see
how well-defined the accuracy metrics are.

Five participants in the Multiple-Condition setup are peers
in the research group. It’s important to acknowledge the in-
herent biases in this setup. However, due to time and resource
limitations, this approach was chosen. Despite the absence of
a scientifically sound sample, the lack of any learning effect
makes the results valuable for the study.

6 Responsible Research

As the study involves an experiment with human participants,
ethical considerations and implications in this section will
be discussed. Additionally, it is important to consider re-
producibility of experimental methods and results. In this
section, steps taken to ensure the responsible conduct of the
study and experiment will be discussed.

6.1 Ethical Considerations

Human Research Ethics Commite (HREC) at TU Delft has
granted approval to conduct this research and experiment
with human participants. Regardless it is important to discuss
and analyze any other ethical considerations.

1. Informed consent: Prior to participating in the experi-
ment, all participants will be provided with a detailed ex-
planation of the study, the background information, and
the study’s goals. They are also informed of their right
to withdraw from experiment at any moment and about
the data privacy policy and how data will be anonymized
and stored.


https://github.com/Krupskis/scenario-questions-rp

2. Accurate value models pose security risk: It is fair to
argue accurate value models of oneself are personal data.
If a method to uncover the accurate models is discov-
ered, it can be used by bad actors to learn about people’s
behavior and values and used against a person.

3. Behavior support agent manipulation: Behavior sup-
port agents given access to accurate value models might
be used to manipulate and influence people’s behaviors.
This can be used by bad actors to influence people’s
choices and over a long time change their value profiles.

6.2 Reproducibility

Reproducibility of the results is important to ensure the trust-
worthiness of the results and guarantees any findings are
replicable.

1. Releasing prototype and code: In Section 3 and Sub-
section 4.2 a link to the full prototype and Python code to
build Behavior Trees from users’ answers are provided.
This ensures that while reproducing results one can use
the exact same prototype and code that was used by part
of this study.

2. Detailed methodology: In Section 2 and the method-
ology is clearly outlined, including the full description
of the Behavior Tree Model, how to build behavior trees
from users input and a methodology to measure accu-
racy of generated trees. In Section 5 the procedure of
the experiment, the target audience are clearly defined
to be reproduced.

3. Published results: In Section 7 there is an overview of
study’s participants and the results from the study. This
ensures that using methods defined in Sections 2 and 5
one can compare the produced results.

7 Results

This section presents the study results. Subsection 7.1 pro-
vides an overview of the recruited participants. Subsection
7.2 presents the results of the Single-Condition experiment,
while 7.3 discusses the results of the multi-condition ex-
periment. Subsection 7.5 presents qualitative data on user-
reported limitations.

7.1 Participants

In the single-condition experiment, 15 subjects with diverse
backgrounds, including industrial design, mechanical engi-
neering, computer science, economics, business, finance,
chemistry, and marketing & communication, participated.
Their ages ranged from 19 to 24 years old.

In contrast, the multi-condition experiment involved 5
computer science bachelor students aged between 21 and 24.

All participants in both experiments were recruited from
personal networks and did not receive any compensation for
their participation.

7.2 Single-Condition experiment

In this section, the results from conditions A, B (Graphical
Interface and isolation questions), and C (text interface and
comparative questions) are reported, as B and C are the con-
ditions that overlap with the condition of this study.

1. GUI
Comparative Isolation
Median | Mean | SD | Median | Mean | SD
40 36.87 | 21.92 0 8 13.07

Table 1: Median, mean and standard deviation of absolute weight
change for graphical user interfaces.

The mean of AWC of GUI using comparative questions
is 28.87 higher than mean of distance of GUI using iso-
lation questions. The null hypothesis of no mean differ-
ence is rejected with a p-value of asd.

Comparative Isolation
Median | Mean | SD | Median | Mean | SD
6 5.33 | 3.53 0 1.33 | 2.19

Table 2: Median, mean and standard deviation of Hamming distance
for graphical user interfaces.

The mean of the Hamming Distance of GUI using com-
parative questions is 4 higher than the mean of the Ham-
ming distance distance of GUI using isolation questions.
The null hypothesis of no mean difference is rejected
with a p-value of m

2. Text Interface and Comparative questions: absolute
weight change (AWC) measure is reported to have a me-
dian of 0, a mean of 9.67, and a standard deviation of
14.20. On the other hand, the hamming distance mea-
sures have a median of 0, a mean of 0.8, and a standard
deviation of 0.98.

The mean of AWC of GUI using comparative questions
is 27.2 higher than the mean of the distance of text user
interface using comparative questions. The null hypoth-
esis of no mean difference is rejected with a p-value of
0.00214.

The mean of the Hamming Distance of GUI using com-
parative questions is 4.53 higher than the mean of the
Hamming distance of text user interface using compar-
ative questions. The null hypothesis of no mean differ-
ence is rejected with a p-value of 0.0003.

Average change per changed edge

GI exhibited lower average Hamming Distance, Distance
and change per changed edge than GC. While TC exhibited
lower average Hamming Distance and Distance, a change per
changed value was almost twice as high.

Hamming Distance (avg) | AWC (avg) | Normalized AWC
GC 5.33 36.87 6.92
GI 1.33 8.00 6.15
TC 0.80 9.67 12.09
TI 5.07 30.87 6.09
Al 3.60 13.50 3.75

Table 3: Results for single-condition experiment. Normalized AWC
is AWC divided by Hamming distance.



Hamming distance and absolute weight change are more
readable when plotted on a 2D Cartesian coordinate system
as seen in Figure 4. Points closer to the origin represent more
accurate conditions.
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Figure 4: Each condition’s Average Absolute Weight Change and
Hamming distance plotted on 2D Cartesian coordinate system.
Points closer to the origin are more accurate.

7.3 Multiple-Condition experiment

Hamming (avg) | AWC (avg) | Normalized AWC
GC 8 50.5 6.31
GI 3.5 17.5 5
TC 6.75 55 8.15
TI 6.5 40 6.15
Al 0.5 2.5 5

Table 4: Results of a multiple-condition experiment.

7.4 System Usability Scale (SUS)

The System Usability Scale (SUS) is a metric used to measure
the usability of a system. In this case, the mean SUS score is
78.17, indicating an average level of usability. The standard
deviation is 7.04.

According to the research [7] a score of 78.17 falls within
the 80th to 84th percentile range. This means that the usabil-
ity of the system is relatively good compared to other systems.
Furthermore [7] assigns a B+ grade to this score, indicating a
positive evaluation.

In terms of adjective descriptions, a SUS score of 78.17
for the prototype falls between the categories of "Good” and
“Excellent” according to [7]. This suggests that the usability
of the prototype is quite favorable and surpasses the average
level.

7.5 User-reported limitations
1. Model-related comments
* “I really don’t enjoy, don’t think it’s safe and have
no comfort when running in general. It is even

more so when it is raining, but I have no way to
express it as the values are capped at -10.”

» ”Capping does not allow to further decrease values.
In this case I think safety and enjoyment should de-
crease further.”

2. Comparative questioning technique related comments
* ”Drinking water enjoyment is neutral,”
3. Lack of context

* ”I would put -10 on the health of watching movies
if I had to judge long-term effects on my health.
Now I will leave it at 0, as I think about these trees
as one-off decisions”

* ”When answering the questions it’s hard to identify
values for each scenario so it’s easy to generalize
too much.”

8 Discussion

In this section the results presented in the Section 7 will be
discussed.

8.1 Accuracy of generated trees

Accuracy significance

On average using GUI and comparative questioning tech-
niques there were 5.33 weights changed, meaning that on av-
erage there are 1.33 mistakes per scenario per person. Ad-
ditionally, a weight was changed on average by 6.92, which
is bigger than one step in the Likert-like scale proposed in
Section 2. According to [8] trust plays a vital role in all sce-
narios that involve collaborative decision-making, as the level
of trustworthiness attributed to an agent determines the user’s
ability and willingness to interact with it. This means that any
deviations from user’s actual value models are detrimental to
the agent-human interaction, therefore an average change of
6.92 is undesirable.

Contradictory results

Notice in Figure 4 how GC' is less accurate than G I, there-
fore assuming all things equal between conditions we can
conclude that isolated questions lead to more accurate mod-
els. Two reasons for inaccuracies in the generated GI model
are the limitations of the behavior tree model and the nature
of comparative questions. Comparative questions efficiently
provide scoped information about user preferences, requiring
fewer questions to build a behavior tree. However, the behav-
ior tree model stores isolated weights between values, which
misaligns with how values are elicited (comparatively) and
observed (in isolation) by the user. For example, when com-
paring exercising outside to watching a movie in rainy and
windy weather, a person’s answer of "Much less healthy” im-
plies that watching a movie becomes "Much more healthy”
in that context. However, the model stores these as separate
data points, resulting in potential incorrect weights.
However, Figure 4 shows how T'I is less accurate than
TC, therefore assuming all things equal between conditions
we could conclude that comparative questions lead to more
accurate models. This is a contradictory conclusion to the
one in the previous paragraph. No clear reason for 7' being
less accurate than 7'C' have been found. A hypothesis could



be done that due to discrepancies in the experimental proce-
dures, the results are unreliable. Similar contradictory results
were found in the relationship between user interface modal-
ity and accuracy.

Comparative versus isolation questions

The mean of behavior tree distance of GUI using comparative
questions is 36.87, compared to 8.00 of a GUI using isolation
questions. Since behavior trees store isolated relationships
between values and choices, the in-isolation questioning tech-
nique is much more aligned with the behavior tree model.

8.2 Fatigue from questions

Comparative questions are concise and the prototype requires
twice as few questions to build the same behavior tree, which
leads to less fatigue and less likely to observe survey speed-
ing. This can be clearly visible with the following three ques-
tions:

1. How much do you enjoy water?
2. How much do you enjoy soda?
3. How much do you enjoy water over water?

A single comparative question (c) provides enough informa-
tion to learn about users’ preferences for water in comparison
to soda, whereas to achieve the same effect two isolated ques-
tions (a) and (b) are required.

The participants doing conditions that use comparative
questioning techniques had to answer 28 questions, while iso-
lated technique survey contained 56 questions. Coupled with
the fact that a personal network was used to recruit partici-
pants and participation were not compensated, it is likely that
survey fatigue and survey speeding might have taken place.

8.3 Limitations

1. A vs B # B vs A [9] states that in comparative ques-
tions that compare X to Y, X is the subject and Y is the
referent of the question. Furthermore, [9] argues that in-
dividuals tend to primarily focus on the characteristics of
the subject being compared and overlook the character-
istics of the referent. This inherent flaw in comparative
questions should be taken into account when developing
techniques to elicit personal values, as responses may be
biased toward the subject.

2. Lack of unification of experimentation procedure.
During the experimentation procedure, participants who
were left alone during the baseline tree building phase
were observed to be significantly quicker in expressing
satisfaction with the results. The number of weights
involved in tweaking the generated tree differed be-
tween conditions, with comparative question trees hav-
ing 56 weights and isolated question trees having 112
weights. To ensure careful task completion, the experi-
mentation procedure included supervision during base-
line tree building.

In terms of conducting the experiment, there were differ-
ences among conditions. For instance, in condition TC,
participants were left alone to tweak the weights. Al-
though there is no strong evidence suggesting that this

led to higher accuracies, observations from test runs in-
dicated that participants expressed satisfaction with the
baseline tree more quickly compared to those who care-
fully considered each weight.

3. Validity of the baseline. There is no clear evidence if
the baseline tree represents the ground truth of a per-
son’s values, therefore no evidence that the used accu-
racy measures are sound. To create the baseline, partici-
pants were instructed to “tweak the weights, if you feel
like they are incorrect”. The task instruction of correct-
ing mistakes might lead to people being more suspicious
about the weights, thus making the baseline tree on aver-
age more distant from the generated tree than it actually
is.

9 Conclusions and Future Work

The study discussed in [1] highlights the need for personal-
ized systems that can understand the unique needs of individ-
ual users, as the symbiotic relationship between individuals
and support agents continues to grow. While there are pro-
posed solutions for incorporating user values into decision-
making, there is still a gap in knowledge regarding how to
elicit and update user value models over the lifespan of the
system. Updating user values is crucial due to the dynamic
nature of values, which can change over time. One approach
to capturing user values is through the use of misalignment
scenarios, where unforeseen circumstances alter human be-
havior. In this study, we focus on the design of a graphical
user interface that utilizes behavior trees to elicit and update
personal values. The graphical user interface employs Lik-
ert Scale comparative questions specifically designed to elicit
values, which are then stored within the behavior trees. These
were the results of the study

* Mean distance between generated and baseline trees:
6.92, which given the 5-point Likert Scale means that
on average a mistake was a bit larger than one step.

* Mean Hamming Distance (number of changes) of 1.33
per tree, which means that on average more than one
mistake per tree was exhibited.

* A System Usability Scale (SUS) score of 78.17, putting
the usability of the prototype inbetween the 80th and
84th percentile, a grade of B+ and adjective description
of between "Good” and "Excellent”. The results suggest
that the usability of the prototype surpasses the average
level and is quite favorable.

* Graphical user interface with isolation questions and
text user interface with comparative questions had much
lower Hamming and behavior tree distances.

e The Hamming Distance of GUI (Graphical User In-
terface) using isolation questions shows a compara-
ble change per changed value when compared to GUI
with comparative questions, while the Hamming Dis-
tance of text user interface using isolation questions
demonstrates an approximately twofold higher change
per changed value. This observation suggests that, on
average, there are fewer mistakes in the text user inter-
face, but they are of a larger magnitude.



* Relationship between questioning techniques lead to a
contradiction. 7'C' is more accurate than 7’1, but GC
is less accurate than GI. Although there is a reason-
able explanation of isolated questions leading to more
accurate results, none was found to support comparative
questions leading to more accuracy. A hypothesis that
experimental procedure discrepancies lead to unreliable
and hardly comparable results could be made. Similar
contradictory results were found in the relationship be-
tween user interface modality and accuracy.

All in all, the performance in terms of accuracy of Graphi-
cal User Interface with comparative questions was worse than
both Graphical User Interface with isolated questions and the
text user interface with comparison questions. The difference
between graphical with isolated questions can be explained
by the fact that comparative questions are not aligned with
behavior tree model, while the reason for the difference be-
tween textual interface remains unclear, although it is worth
to mention that discrepancies between experimental proce-
dures might have been the cause, but would require further
research to strongly conclude it.

In terms of usability, there was no statistically significant
difference between the averages of usability scores between
textual and graphical interfaces using comparative question-
ing. While GUI with isolated questions performed signifi-
cantly better than GUI with comparative questions.

9.1 Future work

The experiment and the use of comparative questioning with
behavior tree models could be improved on multiple different
axes.

1. Model Improvements Comparative questions effi-
ciently provide scoped information about user prefer-
ences, requiring fewer questions to build a behavior
tree. However, the behavior tree model stores isolated
weights between values, which is misaligned with how
values are elicited (comparatively) and observed (in iso-
lation) by the user. Therefore, an alternative model
is able to store value preferences comparatively. The
model should additionally have an infinite range of val-
ues to allow for further decreases or increases to weights
provided the misalignment scenario.

2. Supervised process for cognitive tasks The construc-
tion of the baseline tree demands significant cognitive
focus and a thorough comprehension of the behavior tree
model. While there is no substantial evidence, direct
observations from trial tests indicated that unsupervised
baseline tree building yields significantly higher accu-
racy measures. In this experiment, there were discrepan-
cies within the procedure of the experiment, where the
text user interface and comparative questions condition
used unsupervised tweaking. To ensure consistency, fu-
ture research should implement a supervised process that
is fully aligned across different conditions and ideally
conducted by the same person or according to a strict
protocol.

3. Frictionless elicitation technique. The value elicitation
method lacks integration into a human’s life, as the 28

questions employed resemble a survey-like procedure.
Additionally, the System Usability Scale fails to mea-
sure user fatigue, which is an important aspect to con-
sider. Tracking fatigue could provide valuable data re-
garding the usability and feasibility of eliciting personal
values through lengthy surveys.

. Random value shifts and big life events. This study

explores updates arising from misalignment scenarios.
However, changes in human values can be triggered
by various factors, including random shifts in desires
or interests, significant life events such as attending
university or experiencing a global pandemic [10; 11].
These factors may lead to more substantial shifts in val-
ues compared to misalignment scenarios. Future re-
search should investigate re-trigger mechanisms or reg-
ular check-ins on a monthly or quarterly basis. Given
the system’s widespread adoption, employing a machine
learning technique to learn and predict potential goal up-
dates based on similar user profiles could be beneficial.

. Potential of large language models. Given the progress

made in large language models (LLMs), it is worth con-
sidering the potential enhancements in inference when
applied to textual representations of value models. Fur-
thermore, by providing LLMs with ample context and
training data, we can enable more intelligent weight up-
dates, surpassing the existing proposed update method
of the behavior tree model.

Misalignment Scenarios

* Long term goal: Drinking more water
* Behavioral Challenge: Drink Choice

¢ Possible behavior choices: Drink water or drink
sugary/sweet drinks

» Affected values: Health, Enjoyment, Social Ac-
ceptance

* Misalignment reason: Attending a social event
(Party)

* Long term goal: Exercising

* Behavioral Challenge: Things to do in the evening

* Possible behavior choices: Running or Watching
a movie

» Affected values: Health, Enjoyment, Safety, Com-
fort

e Misalignment reason: Bad weather, rain

* Long term goal: Eating Healthy
¢ Behavioral Challenge: Food Choice

* Possible behavior choices: Eat healthy or eat high
fat/processed foods

» Affected values: Enjoyment, social acceptance,
health, wealth

* Misalignment reason: Eating out with friends ma-
jority of whom order junk food.

* Long term goal: Better Sleep Schedule

* Behavioral Challenge: Bedtime



* Possible behavior choices: Early or late
« Affected values: Health, Wealth, Career
¢ Misalignment reason: Work deadline

B Scenario Questions

For all of the questions listed below, the following answer
options were available:

1. Much less value (e.g. enjoyable)

2. Somewhat less value (e.g. enjoyable)
3. Neutral

4. Somewhat more value (e.g. enjoyable)
5. Much more value (e.g. enjoyable)

Scenario 1

Imagine the following scenario:

You have decided that you should drink more water and
have been doing so every evening in the past week. Before
making this decision, you were not hydrating enough and
when you got something to drink, it was usually a soda in-
stead.

Questions:

1. How healthier is drinking water compared to drinking
sodas in general?

2. How enjoyable is drinking water compared to drinking
sodas in general?

3. How socially acceptable is drinking water compared to
drinking sodas in general?

Context:

Imagine the following setting for the rest of the questions:

The alternative to drinking water is to drink soda. There
is a party coming up which you are going to attend. At the
party there is both soda and water available. You are a huge
fan of soda, therefore you choose to drink soda for the rest of
the night.

1. How healthier is drinking water compared to drinking
sodas in the context of the party?

2. How enjoyable is drinking water compared to drinking
sodas in the context of the party?

3. How socially acceptable is drinking water compared to
drinking sodas in the context of the party?

Scenario 2

Imagine the following scenario:

You have decided to start running 3 km daily in order to
improve your health and strength. Before making this deci-
sion, you didn’t have a clear activity defined and were simply
scrolling through social media/watching a movie. Consider
the alternative to running 3 km daily to be watching a movie.

Questions:

1. How healthier is exercising (running) daily compared to
watching a movie in general?

2. How enjoyable is exercising (running) daily compared
to watching a movie in general?

3. How safer is exercising (running) daily compared to
watching a movie in general?

4. How comfortable is exercising (running) daily compared
to watching a movie in general?

Context:

Imagine the following setting for the rest of the questions
in this section:

The alternative to running 3 km daily is to watch a movie.
Today the weather has been very bad. It rained the whole day
and the temperatures dropped by a few degrees, therefore,
you have decided to stay inside and watch a movie today.

1. How healthier is exercising (running) daily compared to
watching a movie in the context of bad weather?

2. How enjoyable is exercising (running) daily compared
to watching a movie in the context of bad weather?

3. How safer is exercising (running) daily compared to
watching a movie in the context of bad weather?

4. How comfortable is exercising (running) daily compared
to watching a movie in in the context of bad weather?

Scenario 3

Imagine the following scenario:

You have decided to maintain a more nutritious diet and
cut off heavily processed foods such as fast food. Please re-
member this scenario.

Questions:

1. How healthier is maintaining a more nutritious diet com-
pare to eating fast food in general?

2. How enjoyable is maintaining a more nutritious diet
compare to eating fast food in general?

3. How socially acceptable is maintaining a more nutritious
diet compare to eating fast food in general?

4. How expensive is maintaining a more nutritious diet
compare to eating fast food in general?

Context:

Imagine the following setting for the rest of the questions
in this section:

The alternative to maintaining a more nutritious diet is eat-
ing fast food. This evening you and your friends are going to
dine at a restaurant that serves both fast food and fine dining
meals. Because the healthy alternative is extremely expen-
sive, you decide to order fast food. So do more than half of
your friends that are at the restaurant with you.

1. How healthier is maintaining a more nutritious diet com-
pare to eating fast food in the context of dining out with
your friends??

2. How enjoyable is maintaining a more nutritious diet
compare to eating fast food in the context of dining out
with your friends??

3. How socially acceptable is maintaining a more nutritious
diet compare to eating fast food in the context of dining
out with your friends??

4. How expensive is maintaining a more nutritious diet
compare to eating fast food in the context of dining out
with your friends??



Scenario 4

Imagine the following scenario:

You have decided to improve your sleeping schedule and
for the past 2 weeks have been going to bed before 10:30PM.
Before making this decision, you used to scroll through social
media/work until 2AM. Please remember this scenario.

Questions:

1. How healthier is sleeping early compared to staying up
late in general?

2. How impactful is sleeping early compared to the staying
up late on your wealth in general? By wealth I mean
whether you think your bedtime has an effect on your
performance at work, therefore on your salary.

3. How impactful is sleeping early compared to the staying
up late on your career in general?

Context:

Imagine the following context:

The alternative to sleeping early is working late. There is a
very important business meeting approaching which you need
to make sure to prepare. In order to get the work done in time,
you could stay up late and work or go to sleep early and try
to finish it the next day, risking missing the deadline. You
decide to work late today.

1. How healthier is sleeping early compared to staying up
late in the context of the important business meeting?

2. How impactful is sleeping early compared to the staying
up late on your wealth in the context of the important
business meeting? By wealth I mean whether you think
your bedtime has an effect on your performance at work,
therefore on your salary.

3. How impactful is sleeping early compared to the staying
up late on your career in the context of the important
business meeting?
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