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Designing Conversational Agents — Important Factors for Enhancing User Satisfac-
tion Among Field-Specific Experts

SARA BORJESSON

KARIN ORN ANDERSSON
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Abstract

This thesis investigates the use of conversational agents, particularly how scientists
use an Al assistant for biomedical research. The research aim revolves around
increasing the user satisfaction, by finding important factors that influence it. The
research utilizes both qualitative and quantitative methods from human-computer
interaction, including external tool analysis, surveys, interviews, prototyping, user
testing, and evaluations. By iteratively involving users and maintaining a reflective
mindset while utilizing design methods, a Research through Design approach has
been adopted. The result consists of a new design of the application, focusing on
references and prompt settings such as models and reference types. It also resulted
in important factors to consider for conversational agents, including the themes
research foundations, trust, usability, time efficiency, transparency, and motivation.
The factors have the purpose to gather the insights from every used method, created
with a high-level perspective to make the aspects applicable for all conversational
agents designed for internal use by field-specific experts.

Keywords: Conversational agent, Design recommendations, Al chatbot, User Expe-
rience, User Satisfaction, Interface, Computer science, Engineering, Project, Thesis.
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1

Introduction

AstraZeneca is constantly looking for ways to improve their work and research.
In recent years, several new applications have been launched to support their
scientists in their daily work and to make their processes more efficient and
thorough. One of the application types that has increased is conversational agents.
The use of conversational agents has increased both internally at AstraZeneca and
externally [1]. A reason for this increase could be that they have a wide range of
potential applications, and when combining machine learning and natural language
processing, they get more powerful and can solve more complex problems.

The increase of conversational agents used internally has led to several appli-
cations being used, where it is uncertain how the users use them, and how efficient
the applications actually are. Therefore, there is a need for further evaluation of
design of the tools, to ensure that they are adapted to the user needs.

1.1 Aim & Scope

This thesis aims to explore the conversational agent, CA, paradigm, to examine the
design structure and interaction of applications using artificial intelligence with the
purpose to find information. This includes to analyze how they function, interact
with users and fulfill their intended purpose. Furthermore, it will be investigated
how the existing CAs are perceived from a user point of view and how they are
used by scientists. The purpose is to identify areas of improvements related to
the design of existing CAs. This is done to increase the value of the product and
the identified factors will serve as a guideline when designing CAs. The thesis will
focus on increasing the user satisfaction levels through user research and design,
where the expected outcome will be presented in a high-fidelity prototype.

To the best of our knowledge, only a limited number of studies have explored the
use of CAs by professionals in their work. Our study will address a gap in the
research by targeting a specific user group, where the focus is on scientists and
their use of CAs in an internal and professional context. The thesis strives to result
in a development of important factors and a prototype tailored to their needs and
work conditions.
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1.2 Research Question

The research question is as follows:

1. What are important factors for designing conversational agents that influence
user satisfaction in the context of internal field-specific experts, and how can
these factors be realized?

1.3 Demarcations

This thesis is limited to focus on internal use of conversational agents, by field-
specific experts. External available conversational agents will be analyzed for in-
spiration purposes, however, the results will address the ones for internal use. The
project is based on an interaction design viewpoint, with a user-focused perspec-
tive, while not addressing developmental considerations such as coding or technical

infrastructure.
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Background

In this chapter, the technique behind conversational agents will be described. The
application which the thesis centers around will be introduced. Concepts such as
artificial intelligence, machine learning, deep learning, natural language processing,
generative Al, large language models, agentic Al, and subfields will be described.
Furthermore, external conversational agents will be presented, as well as its history
and related work. Lastly, Al applications terms will be compared.

2.1 Internal Conversational Agent — Research As-
sistant

Within research and development, R&D, at AstraZeneca, several Al applications
have been developed. One of them is Research Assistant, RA, which is a conversa-
tional agent using natural language processing (see section 2.7), and large language
models (see section 2.5) for processing prompts and generating text. A prototype
was created in February of 2023 and the current version was created and released
in April of 2024. The targeted user group of RA is people working within R&D,
primarily targeted for scientists that can use it to ask scientific inquiries and expect
a scientific response.

The data is collected from the open web, literature, and internal databases.
One of the main benefits of RA is the feature that provides references for each new
type of information that is presented. With the verifiable sources, the application
becomes more reliable since the scientist can verify that the information is correct,
which is of great importance within the science field, where great rigor is required.

2.2 Artificial intelligence

Artificial intelligence, Al, is a trending topic, yet it was discussed already in the
1950s [2]. A decade later, logical methods that could create mathematical proof
were to be found in computer programs. To exemplify, this made it possible for
computer programs to beat humans in chess. However, it was extremely difficult,
if not impossible, to create performances such as recognizing objects in pictures of
understanding language. To do this, a different approach was needed, which did not
have a breakthrough until the twenty-first century because of the need of large data
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sets. Today, conversational agents are a central part of the Al evolution, developed
with natural language processing and machine learning [3].

2.3 Machine Learning

Machine learning is generally categorized into three main types: supervised learning,
unsupervised learning, and reinforcement learning [4]. Supervised learning requires
labeled input data, allowing the model to learn from training examples and general-
ize to make accurate classifications beyond the training set. Unsupervised learning,
on the other hand, does not use labeled data. Instead, the algorithm groups similar
items together based on shared features. This method provides less insight into the
decision-making process compared to supervised learning. Reinforcement learning
involves rewarding desirable actions and penalizing less preferred ones to train the
model. The algorithm is not explicitly told how to achieve the correct action but
learns from feedback, either through rewards or penalties, indicating whether the
action taken was right or wrong.

2.4 Deep Learning

Deep learning is inspired by the human brain in processing information [5]. While
both machine learning and deep learning learn from data, the difference is that deep
learning uses neural networks, which are generally larger with many hidden layers.
It uses these layers of neural networks to go through large amounts of data, being
self-capable of extracting information, which allows it to handle various kinds of
unstructured data effectively. It can be used to solve complicated problems, for
computer vision, natural language processing, cybersecurity, and more.

2.5 Large Language Models

Large Language Models, LLMs, are designed to perform NLP tasks [6]. Built on the
foundation of artificial intelligence, they can process and transform vast amounts of
data. The ability to handle these large datasets is largely attributed to the rise of the
transformer architecture. Transformers can have billions of parameters and are the
most commonly used architecture for LLMs. This architecture involves extensive pre-
processing and is trained on massive datasets. During this process, the model learns
statistical patterns to understand the complex interconnections between components
that make up a text segment. LLMs typically utilizes statistical models. This mean
that once the model is trained, its parameters remains unchanged in response to
new data unless it’s explicitly being updated.

2.6 Generative Al

Generative Al is the field in artificial intelligence focusing on generating new content
[7]. Based on deep learning techniques, it can generate new material that closely

4
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resembles the original input data it has been trained on. It can generate material
such as images, text and audio. Generative Al differs from traditional Al in its
ability to create new and original data, rather than strictly following predefined
instructions. It utilizes both supervised and unsupervised learning methods and is
primarily based on neural networks that excel at pattern recognition. By learning
from existing data, generative Al can produce novel outputs such as text, images,
or audio.

2.6.1 Retrieval-Augmented Generation

Retrieval-Augmented Generation, RAG, is a specific architecture often integrated
with LLM to improve their abilities [6]. A recurrent problem with statistical models,
such as LLMs, is that it has no possibility to learn and adapt to new real time
information. This may result in outdated or inaccurate information [8]. RAG has
surfaced as a solution to this problem by integrating external sources from where it
can retrieve real-time data [9].

2.7 Natural Language Processing

Natural language processing, NLP, consists of several computational techniques for
analyzing and representing data with the purpose to achieve human-like processing
for different tasks or applications [10]. The language analysis made can be done
through multiple techniques and the represented data can be of any language, type
or mode, both oral and written. NLP is used for several types of applications, includ-
ing spam detection, auto-complete functions, recruitment processes, smart assistants
and conversational agents. For NLP applications, pre-processing is needed to pre-
pare the data into an appropriate form for the understanding unit [3]. This includes
data cleaning where text is converted to lowercase and punctuation is removed, to-
kenization where sentences, words, and characters are separated and normalization
where stemming trims a word into its origin form.

2.7.1 Natural Language Understanding

Natural language understanding, NLU, is a subfield of NLP that focuses on spoken
or written human language and the interpretation of it [11]. It enables the human-
machine communication by building a comprehensive understanding of semantics.
An example of systems using NLU is call centers, that uses conversational agents
to solve frequently occurring problems, which allows their personnel to answer and
solve more complicated problems, leading to more users getting help in less time.
Applications using NLU are those with a large range of semantics, with multiple
concepts that can be combined into a more complex request. It can handle longer
user utterances by extracting smaller pieces of it.
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2.7.2 Natural Language Generation

Natural language generation is a subfield of Al and an essential part of natural
language processing, that involves the process of generating natural language text
into an understandable format for humans [12]. The aim is to transform data from a
non-language format into a human-readable format to simplify the communication
between humans and machines. Its tasks can be divided into four categories, which
are text-to-text, data-to-text, image-to-text, and video-to-text.

2.8 Agentic Al

The definition of Agentic Al is that it should successfully perform a series of ad-
vanced assignments for a longer time frame without any human involvement or
supervision [13]. Agentic Al primarily differs from traditional AT in the sense that it
can perform more advanced reasoning with several steps and has more flexibility to
move within. The flexibility, compared to traditional Al which has more definitions
and restrictions to fit, also makes the agentic Al more interdependent. Similar to
LLMs, the implementation of Agentic Al require large amount of training data and
robust data pipelines.

2.9 External Conversational agents

There are several conversational agents available for both individuals and companies.
Below are three examples of available CAs, all based on large language models as a
base technology.

2.9.1 ChatGPT

ChatGPT is a model that interacts in a conversational way [14]. It can answer
follow-up questions, admit mistakes and reject requests that are inappropriate. It
is trained using Reinforcement Learning from Human Feedback, RLHF, which is a
variant of Reinforcement learning, RL [15]. RLHF is similar to RL, however, it does
not require an engineered reward function, but instead learns from feedback from
humans. The users provide feedback to the agent and behaves in accordance with
the feedback.

2.9.2 Claude

Claude, made by Anthropic, consists of a model family with the versions "Haiku”,
”Sonnet”, and "Opus” [16]. The differences between the models are that one is light
and fast, one is described as hardworking and the last is the most powerful. It
is able to analyze images, generate code, and translate between languages, among
other features. It focuses on integrity, misuse prevention and accuracy.

6
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2.9.3 Copilot

Microsoft Copilot is described as an Al-powered productivity tool that provides
real-time intelligence [17]. It is paired to Microsoft Graph and Microsoft 365, which
offers a connection to emails, documents, Word, Excel, and other applications offered
by Microsoft. This includes being able to create drafts in Word, add slides in
PowerPoint, and summarize emails.

2.10 History of CAs

Conversational agents, CAs, originated from chatbots. While the term "chatbot”
is broader and encompasses CAs within its scope, a chatbot is defined as a system
designed to digitally simulate human conversation. This term applies to systems
regardless of the underlying technology, whether powered by advanced Al or more
simple rule-based with predetermined actions [18]. While multiple definitions of
conversational agents exist, this thesis will use the definition by Laban and Araujo,
and thereby define a CA as a virtual entity that interacts with users using artificial
intelligence [19]. Five waves of conversational agent development have occurred,
leading up to the current version [20]. The first wave featured simplistic applications
with predetermined rules, operating under specific conditions. This wave began with
the creation of ELIZA, the first-ever chatbot, developed by Weizenbaum in 1966
[21]. ELIZA was limited in terms of usage since it could only operate within specific
conditions with its predetermined rules. For instance, it faced problems in generating
a response when keywords to which it had been programmed to respond were lacking.
However, there is no doubt that ELIZA has had a profound impact on its field [22].
The term ELIZA-effect was coined in 1970, which is the tendency to devote human
attributes such as empathy to a responsive computer. The second wave in 1995
introduced Al for the first time, allowing systems to recognize emotions via scripted
dialogue while the first embodied CAs appeared [20]. However, the embodiment of
CAs also raised issues related to anthropomorphism and the uncanny valley. The
third wave saw the real-world application of CAs, such as IBM’s Watson. The fourth
wave brought voice assistants like Alexa, and the fifth wave, where we are today, is
marked by innovations such as OpenAls ChatGPT.

2.11 Related work and possible aspects to con-
sider when designing CAs

A meta-analysis of 60 different studies found that attitudes, effort expectancy,
performance expectancy, perceived usefulness, and trust are strong indicators of
user acceptance of Al technologies [23].

The role of trust in technology adoption is critical, and studies have identi-
fied several dimensions of trust that influence user acceptance. For instance, a
study on trust in the digital workplace categorized trust into three dimensions:
cognitive, emotional, and organizational [24]. Cognitive trust is based on knowledge
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and can change quickly depending on performance. However, emotional and
organizational trust are more resilient, often remaining stable even after errors.
When interactions with a conversational agent include social cues, they can form
long-lasting trust, supporting continued product use.

Other research highlights the importance of managing user expectations of
the CAs capabilities [25]. Regardless of whether the CA can perform the desired
action, it is essential to clearly communicate the capabilities to set appropriate
expectations. Other factors contributing to a positive user experience include
handling unsuccessful dialogues gracefully, so the CA does not negatively affect
the user’s perception. It’s also important to enhance contextual understanding to
improve conversation flow, responsiveness, and adding human-like conversational
features to contribute to a more engaging experience.

Building on this idea, additional research emphasizes that employees’ expec-
tations and assumptions about technology play a significant role in its successful
adoption [26]. Employees’ prior experiences with similar technologies shape their
expectations and influence how they evaluate and embrace new tools. This under-
scores the importance of cognitive factors such as prior knowledge or experience
in forming initial trust and acceptance. In line with this, research has found that
users’ awareness of a CA’s capabilities impacts how competent they feel when
interacting with it [27]. Additionally, flexibility, personalization, and control over
data contribute to users’ sense of autonomy, further reinforcing trust and positive
engagement.

In contrast, a study on AI adoption in office environments found that in-
creased productivity and efficiency were the strongest motivators for adopting CA’s
[28]. Although hedonic qualities such as enjoyment and social acceptance played
a role in user adoption, they were less important than practical factors such as
increased productivity and efficiency.
These aspects can be summarized as:

o Trust and perceived usefulness are crucial for Al acceptance

e Clear communication of CA capabilities manages expectations.

« Employee expectations and past experiences influence adoption, with produc-
tivity and efficiency being key drivers.

These insights emphasize the importance of trust and managing user expectations,
guiding the design of CAs to enhance user satisfaction and adoption in the workplace.

2.12 Al application terms

Recently, the use of AI chatbots, also known as conversational agents, have
increased, which are equipped with AT [1].
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The Al applications use machine learning, ML, and natural language process-
ing, NLP, to carry on the human-like conversations [29]. The growth has led to
artificial intelligence, AI, being used by both individuals and companies, where
companies strive to increase the integration of Al in both products and services.
Internally, companies can use Al applications to ease with coding tasks, offer clearer
communications and to assist with creative work [30]. The organizational version
of an Al tool is often equipped with data and security protection, enabling the use
of encrypted conversations.

The growth of Al applications has led to several terms being used for tools
with a similar, or even identical, structure. A chatbot simulates human conver-
sations and often use NLP to understand and automate responses [18]. Another
Al tool is AI agents, which are programs capable of performing tasks, either
when asked by a user or connected to another system [31]. These can have many
functionalities beyond NLP, including interacting with external environments and
executing actions. Conversational Al is another term, which refers to technologies
that users can communicate with, including both chatbots and virtual agents [32].
In contrast to chatbots, conversational Als sometimes lack the embodiment aspect,
such as an avatar. They use machine learning and NLP to imitate human language
and interactions, where the machine learning is used to process the inputs to
improve the Al algorithms. In order to keep a consistent designation throughout
the report, the term Conversational Agent, CA, will be used hereinafter.
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Theory

The following chapter explorer the theory considered relevant for the project, in-
cluding human-computer interaction, research through design, cognitive load the-
ory, working memory, computers are social actors, theories for user engagement,
and design theory. Lastly, ethical considerations are described.

3.1 Human-computer Interaction

Human-computer interaction, HCI, is the study of the interaction between the user
and a computer system, by investigating the efficiency and communication between
them and how the systems are designed and used [33]. The purpose is to enhance
computer systems’ usability and user experience, by adapting to people with different
preferences, backgrounds and abilities.

3.2 Research through Design

Research through Design, RtD, is an approach where new knowledge is generated by
using design methods [34]. Tt uses the strengths of design as a reflective practice by
reframing and reinterpreting problems through a design process, with a speculative
mindset investigating what the world could be. However, it is important to be
cautious when establishing norms and outcomes from RtD [35]. This is because the
outcome might not be applicable in every case, but rather flexible and evolving for
different design cases. To reflect on the result, annotated portfolios can be used
to visualize and describe the process, since not only the result is of value, but the
process as whole.

3.3 Cognitive load theory

Cognitive load theory focuses on the amount of effort needed by working memory
to conduct a task, and by this structure a design that optimizes learning. [36].
Cognitive load theory is based on the hypothesis that the working memory has
limited capabilities, while long term memory has potentially infinite. Cognitive
load is based on an architecture of three different types of cognitive load, which is
intrinsic, extraneous load and germane load. The intrinsic load is related to the
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complexity of the subject you are learning, extraneous load is how the information
is presented, while germane load involves constructing schemas that aids learning.

3.4 Working memory

The humans’ working memory is a system that temporarily stores and manipulates
information needed for complex tasks like reasoning, comprehension, learning, and
problem-solving [37]. Working memory has limited capacity, containing short-term
memory, while actively engaging with information.

3.4.1 Short-term memory

Short-term memory is active in working memory, and refers to the short-term holding
and handling of information that is quickly accessible, usually lasting only a few
seconds [38]. Short-term memory (STM) contains three different systems with a
finite amount of capabilities, Phonological STM, Visual STM and Spacial STM.
Phonological STM refers to the temporary stored auditive material, visual STM
refers to the temporary stored visual recognition memory for objects and spatial
STM refers to the temporary information about locations. The systems operate
independently. Two key components of STM is encoding to register information
and consolidation to contain the representation in STM. The limited capacity of
short-term memory is evident in the suggested number of items a person can store,
which is approximately seven, plus or minus two.

3.5 Computers are social actors

The theory Computers are social actors states that humans interact with computers
as a social entity [39]. This means that although there is an understanding that
computers are not human, humans tend to interact with computers as they are
social and generates social responses in their interaction with the computer. The
theory is described as an experimental paradigm of the human-computer interaction
field of study. From five experiments made, it became clear that humans interact
with computers in a social manner. One of the results was that uniformity of
interfaces is double-edged, meaning that creating consistent and standardized
interfaces has both positive and negative effects. A positive outcome could be
that users understands the interface and easily interacts with it, while a negative
implications could be that creativity gets restricted and the interface is not as
adapted to different user needs.

Connected to the social actors aspect is anthropomorphism, meaning that
anything can be perceived as characterized by human traits [40]. It can be made
both intentional and unintentional and often appears in Al functionalities. Both
media and entertainment has influenced how Al is perceived, leading to an idea
that Als are being like humans emotionally, cognitively and morally. This reflects
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how limited the understanding of Al can be, which can lead to false expectations
of its capabilities.

3.6 Theories for user engagement

Below, the theories technology acceptance model and task technology fit theory are
described. These theories can be used to provide a comprehensive framework for
understanding user engagement.

3.6.1 Technology Acceptance Model

The Technology Acceptance Model, TAM, developed by Fred Davis in 1989,
was created to address the limited tools available to predict the acceptance of
information systems, specifically computer-based systems, at the time [41]. Over
time, TAM has expanded beyond its initial focus and become one of the most
widely used frameworks for understanding how users accept and use a broad range
of emerging technologies [42]. TAM proposes that two main predictors determine
the probable adoption of a new technology: perceived usefulness and perceived ease
of use.

Perceived usefulness refers to the extent to which a user believes that using
a specific tool or technology will enhance their performance or help them achieve
their goals. It focuses on the potential benefits that the user expects to gain from
using the tool. Perceived ease of use, on the other hand, is the degree to which the
user perceives the technology as easy to use, intuitive, and requiring minimal effort
to learn or operate. This concept focuses on the user’s initial experience with the
tool and their perception of how effortless it is to interact with it. It’s theorized
that if the tool is perceived as both useful and easy to use, the user is more likely
to adopt the new tool.

3.6.2 Task Technology Fit theory

Task Technology Fit theory is about how well the fit is between the technology and
its use case [43]. If the features of the technology aligns well with the intended use
case and the technology can help the user complete the task, it is more probable
that the user would want to use the technology.

3.7 Design theory

The design theories explored during the project are usability, user experience, user
interface, and human-centered design, which are described below.
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3.7.1 Usability

Usability is a term describing how well a system, product or service can be used,
which is described with the ISO-standard as:

The extent to which a system, product or service can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use. [44]

3.7.1.1 Usability principles

Four usability principles are described below.

Mental models

Mental models are a type of conceptual models that represent the understanding of
how things work [45]. They are created of the people themselves, other people, the
environment, as well as of things they interact with. Of the same item, different
people can have different mental models. It is therefore important to consider what
mental models the users of an application have, to be able to ensure that they
understand how to interact with the application.

Affordance
Affordance is the relationship between a person and a physical object [45]. It
is determined by the properties of the object and the capabilities of the person,
influencing how the object can be used. By taking this aspect into consideration,
possible interactions can be clearly indicated, which makes the application more
user-friendly:.

Signifiers

Signifiers are clues of how objects function [45]. They signal how and where to
interact with the object, and must be perceivable to not fail to function. They are
important to include to ensure user-friendliness, since the user needs to understand
how to use the object.

Consistency

Consistency is virtuous, meaning that when a user has learned how to use one
system, they will transfer that knowledge when learning a new system [45]. It
addresses uniformity across various element and interactions in the interface.
With consistency, the user can easier form a mental model and easier build an
understanding of how the interface works. This in turn enhances usability and a
better user experience.

3.7.2 User Experience

User Experience, UX, is focused on the perceived experience of the user when inter-
acting with a product, system or device [46]. The experience includes factors such
as seeing, feeling, or doing, and is connected to and affected by the user’s previous
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knowledge, assumptions, and motivation. UX design therefore focuses on creating
a positive experience and fulfilling their needs during each part of the interaction.

3.7.3 User Interface

A user interface, Ul, is an significant component between a group of users and a
system and is the systems’ primary component that the user interacts with [47].
It enables the users to interact with the system in a efficient way, which is done
with different strategies depending on the purpose of the system or interaction.
An effective Ul-design strategy can lead to rich user experience, by making it
user-friendly, while the opposite leads to unsatisfied user-attitude and performance.

There are guidelines that can be followed when creating Uls. For the naviga-
tion, one examples is to standardize the task sequences to allow the user to perform
tasks in similar ways across the interface [47]. With data display, it is important to
be consistent with terminology, colors, abbreviations, capitalization, and formats
when possible. Prioritization of information is important to ease the usage, by
making the most important information the most visible and by keeping related
information close together.

3.7.3.1 Posture

The posture of an application can be transient or sovereign [48]. When only using
the application for short periods of time, with the purpose to achieve a larger goals
elsewhere, it has a transient posture. When an application instead hold the users’
attention for extended periods of time, the posture is sovereign.

3.7.3.2 Hierarchy

For visual interface design, different elements supports specific tasks, which requires
a clear hierarchy of the elements to provide understanding and minimize cognitive
load [48]. The visual hierarchy can be created with visual properties, such as use of
color, typography, size, whitespace, position, and shape.

3.7.3.3 Details-on-demand

When designing advanced user interfaces, a good starting-point is the principle of
Overview first, zoom and filter, then details-on-demand [49]. It means to only give
the user details when needed, by offering a button to the user that opens up more
information. By implementing the details-on-demand principle, the user is less likely
to get overwhelmed by the interface, and can use it more efficiently.

3.7.3.4 Saliency

Saliency refers to the attribute of an object which stands out in comparison to other
surrounding objects, and grabs the attention of the viewer [50]. Saliency can be
achieved with differences in color, contrast, brightness, motion, size or other visual
features.

15



3. Theory

3.7.4 Social Desirability bias

Social Desirability bias is when people portray themselves in a better light by high-
lighting behaviors that are viewed positively and downplaying those that are viewed
negatively [51]. This can lead to that people alter what they think in order to please
the researcher, or behave in a way they would think is more favorable, than their
true and initial feelings.

3.7.5 Evaluation Apprehension

Evaluation apprehension refers to the anxiety that occurs due to the fear of being
judged or evaluated negatively by others. Factors such as gender and educational
level, self-esteem and self-assessment as well as fear of negative evaluation are all
factors that can create evaluation apprehension. This may result in lower levels of
participation, academic performance and can infer social anxiety, depression and
low self-esteem [52].

3.8 Ethical Considerations

There are some ethical considerations that need to be taken into account. Below,
ethical aspects of artificial intelligence is listed, as well as climate concerns to keep
in mind.

3.8.1 Ethics of AI

There are several points to consider when creating Al regarding ethical concerns.
Leslie discusses potential harm of Al some of which are listed below [53]:

Bias and Discrimination

Since the creators of Al systems choose features, metrics, and analytic structures of
how data should be accessed by the system, Al can potentially be influenced by the
creators’ biases and preconceptions [53]. The system then gains insights and trains
its algorithm from existing sources and user inputs, which can lead to reinforcement
and amplification of inequality and discrimination that exists in the society. These
aspects are therefore important to keep in mind when creating Al systems.

Non-transparent, Unexplainable, or Unjustifiable Outcomes

Generated results are often done with high dimensional correlations that are beyond
capabilities of human scale reasoning [53]. These outcomes are not transparent or
understandable, leading to the user being influenced by an answer but not fully
comprehending the reasoning behind it. In some cases, this lack of explainability
and opaqueness is unethical.

Invasions of Privacy

Since Al systems are based on processing data, the creation of Al technologies
will often require the use of personal data [53]. By sometimes being extracted
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without consent or handled in a way that reveals personal information, this is a
threat of privacy. Al systems that target or influence users without their consent
or awareness can be seen as a violation of their ability to maintain a private life.

3.8.2 Climate concerns

There have been several attempts to calculate the carbon footprint of AI using
NLP and although these efforts have resulted in varying estimates, the calculations
consistently indicate that the carbon footprint can be a significant concern [2]. The
electrical consumption of Al models is sensitive to the size of Al models, and when
wanting to create more accurate inference, larger AI models have been required and
developed based on deep neural network architecture.
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Methodology

The following section describes relevant methods for the project, including literature
review, user analysis, survey, ideation methods, creation methods, and evaluation
methods.

4.1 Literature Review

A literature review can be done to get an overview of areas in which more research is
needed [54]. It can also be used to find research that is interdisciplinary or different,
which both help creating theoretical frameworks for processes. The approaches can
be both quantitative and qualitative, depending on the wanted outcome.

4.2 User analysis

To get an understanding of the users and who they are, a user analysis can be made.
This can be done by collecting quantitative data, which can be summarized into
statistics [55]. It can also be done by gathering qualitative data, which is more in
depth data from fewer users. Both approaches leads to an understanding of the user,
by finding patterns in the results.

4.3 Survey

A survey is a method for collecting self-reported information about characteristics,
thoughts, behaviors, or attitudes [56]. It is an efficient tool to collect a lot of data
quickly, usually done with a large sample of respondents. By being self-reported,
they do not reflect true thoughts or perceptions accurately. Therefore, careful ad-
ministration is needed, and it is recommended to complement the survey with ob-
servations or other methods.

4.3.1 Questionnaire

A questionnaire is a data collection instrument commonly used within surveys [56].
It can include either open-ended or closed-ended questions. Open-ended questions
allow respondents to elaborate on their thoughts and opinions, providing more de-
tailed insights. In contrast, closed-ended questions offer predefined response options,
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making analysis and comparison more straightforward. While questionnaires are
time-efficient, careful consideration should be given to both wording and response
options, as they significantly influence the quality and accuracy of the responses.

4.3.2 Net promoter score

Net Promoter Score is a method for investigating and measuring loyalty and user
satisfaction with the product, and how likely it is that they would recommend the
product to others [57]. A score of 0-6 makes the person a detractor, 7-8 is considered
passive, and 9-10 is regarded as promoters of the product.

4.4 Interviews

Interviews are a valuable method for gathering rich qualitative data [56], allowing
interviewees to express themselves not only through words but also through body
language and facial expressions. The level of structure in an interview varies de-
pending on its purpose. Structured interviews follow a predefined set of questions,
ensuring consistency across multiple interviews, which is particularly useful when
standardization is required. Semi-structured interviews offer a balance between
structure and flexibility, combining predetermined questions with opportunities for
spontaneous discussion. In contrast, unstructured interviews do not follow a fixed
format, allowing for a more open-ended and personal interaction. Additionally, in-
terviews can be categorized based on the target group, such as expert or stakeholder
interviews.

4.4.1 Pilot test

A pilot test is a small-scale trial conducted with one or a few participants before
the main testing begins, allowing researchers to evaluate the test’s effectiveness
[58]. This approach helps identify potential issues and refine the test design without
risking the loss of valuable participants due to ineffective data collection. Pilot
testing can be applied in both qualitative and quantitative research.

4.5 Ideation

Ideation is the process of generating novel ideas, an essential entity for innovation
[56]. There are numerous methods for the creative process of ideation. There are
collaborative methods such as brainstorming, visual methods such as story boarding
and analytical methods such as reverse brainstorming among others.

4.5.1 Brainstorming

Brainstorming is a widely used method for generating a large number of ideas within
a group setting [59]. It is guided by key principles, including prioritizing quantity
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over quality, withholding criticism, encouraging creative and unconventional think-
ing, and building upon others’ ideas to further develop them.

Crazy 8

Crazy 8 is a brainstorming technique with the purpose to generate a lot of ideas,
fast [60]. The process is to sketch one idea in one minute, and do this for eight
consecutive times. When one minute has passed and the timer is ringing, no further
action is allowed on the sketch, just move on and start on next sketch.

4.5.2 Dotvoting

Dotvoting is a prioritization technique to rank and prioritize different ideas, features,
to know what to design. The basis is democracy, where each participant is allowed
to vote on ideas they find important [61].

4.5.3 Mood board

Mood board is a method used as a source of information, to visually communicate
ideas and create a visual entity that allows people to align in the same direction of
the project [62]. The mood board offers a blueprint to the direction of the project
in communicating design concepts or ideas. Mood boards are made up of visual
entities, where the purpose is to represent a certain style to embody in the artifact
or represent a certain emotion the visual entity originates.

4.6 Creation

During a creation phase several methods can be used. The methods sketching,
wireframing, mood board, and prototyping are described below.

4.6.1 Sketching

Sketching is a method to externalize ideas, to create them into a tangible format to
make them permanent [63]. Ideas can easily be remade several times for improve-
ment. This process not only aids in clarifying ones own thinking but also facilitates
communication and collaboration with others.

4.6.2 Wireframing

Wireframing represents the basic structure and layout of a design, serving as a
blueprint for the final interface [64]. It is a valuable tool for visualizing the foun-
dation of a design in a simple and cost-effective manner before any coding begins.
Wireframes can be created by using pen and paper, whiteboards, or digital tools.
They are typically made up of simple shapes, such as boxes and lines, to represent
key elements, such as buttons, text areas, images, or navigation menus. They focus
on the structure and arrangement, and usually avoid the use of colors.
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4.6.3 Prototyping

Prototyping is a valuable method for transforming implicit or intangible knowledge
into a more tangible form [64]. This knowledge-generation process enhances com-
munication and understanding among stakeholders in a project. Prototypes can
take various forms, including digital or physical representations, with their level of
fidelity typically increasing as the project progresses. The primary purpose of pro-
totyping is to support product development by providing a shared reference point
for stakeholders, facilitating decision-making, and enabling user testing.

4.7 Evaluation & Analysis

To evaluate an idea, concept or prototype, different analyzing methods can be used.
Mixed methods research, word clouds, thematic analysis, affinity diagramming, and
user testing are described in this section.

4.7.1 Mixed Methods Research

Mixed methods research encompasses both qualitative and quantitative data [65].
By leveraging the benefits of both quantitative and qualitative data, mixed methods
can enable a more comprehensive and nuanced understanding of a problem. Insights
can be made by validating findings in utilizing different types of data, as well as help
to minimize bias of the researcher.

4.7.2 Word clouds

Word clouds are a method of information visualization [66], used to display the
most frequent words that emerge from a survey. In a word cloud, the size of each
word corresponds to how often it has been mentioned. The more frequently a word
appears, the larger it is displayed. This method provides a clear overview of the
number and types of topics, as well as the relevance of each topic based on how
many respondents have mentioned it.

4.7.3 Thematic analysis

Thematic analysis is a method used to identify patterns in data and derive insights
from qualitative material [67]. It is widely applied, particularly in academic re-
search. Braun and Clarke outline six phases of thematic analysis, beginning with
familiarization with the data and coding. These two phases include reading the
data and making initial notes, as well as to generating brief labels of important
features. Phase three and four include generating initial themes and then develop-
ing and reviewing the them. Broader patterns are developed and structured, and
then each potential theme is reviewed with both the coded data and entire data set.
When further developed, the themes can be split, combined, or discarded. The last
phases are to phase five: refining, defining and naming themes, and six: Writing up.
During these phases, a detailed analysis of each theme is made and each theme gets
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a determined name, and then the analytic narrative and data extracts are weaved
together.

4.7.4 User testing

User testing is a key component of successful product development, helping to in-
crease future user adoption [68]. It evaluates usability, user experience, and overall
functionality of the product.

4.7.5 A/B testing

There are different versions of A/B testing. When participants in A/B test are
only exposed to one of the versions, it is called between-subjects design [69]. When
participants see all versions it is known as within-subjects design. To avoid the or-
dering effect playing a role in affecting the result, counterbalancing is often deployed
in within-subjects design. Counterbalancing is when the order of the versions are
mixed for all participants, which means that all participants are shown each version
in a different order.

4.7.6 Think aloud method

The think-aloud method is a research technique where participants are encouraged
to articulate their thoughts aloud while performing a task [70]. This approach pro-
vides immediate insights into their cognitive processes, and can provide knowledge
into their thought patterns, emotions, and problem-solving strategies. The method
also involves transcription of the verbalization to be able to review and decode the
thought process.

4.7.7 Usability Metric for User Experience

Usability Metric for User Experience, UMUX, was developed to measure user experi-
ence related to usability, with the primary aim to be more time-efficient, and simple
but also more flexible compared with the widely used System Usability Scale [71].
UMUX consists of four questions, where two of the questions are positively framed
and two of the questions are negatively framed. The questions are the following:

e [This system]’s capabilities meet my requirements.

o Using [this system] is a frustrating experience.

o [This system] is easy to use.

e [ have to spend too much time correcting things with [this system].

The questions are accompanied with a five or seven point Likert scale, where the
choice alternatives ranges from ”"Strongly agree” to "Strongly disagree” [72].
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4.7.7.1 Calculate Usability Metric for User Experience Score

To be able to compare UMUX scores with the System Usability Scale, the formula
for Usability Metric for User Experience (UMUX) scale can be used:

((UMUXitem1 — 1) + (UMUXitem3 — 1) + (7 — UMUXitem2) + (7 — UMUXitem4)) x 100
24

UMUX =
(4.1)

4.7.7.2 Interpretation of UMUX score

The framework developed by Bangor evaluates and interprets the UMUX question-
naire scores for each participant, providing a understanding of their usability impli-
cations [73]. The interpretation can be seen in figure 4.1.

QUARTILE 1* Quartile 2nd  3rd 4th
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Figure 4.1: SUS Score scale.
Copyright 2008 [73]. Reprinted by permission of Informa UK Limited, trading as
Taylor & Francis Group.
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Planning

In this chapter, the initial planning and structure of the project are described.

5.1 Timeline

The execution of the project were planned to follow the initial timeline seen in the
Gantt-chart in figure 5.1.

Task / Week 3 4 5] 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23|
Project Proposal
Planning Report
Literature Review
Internal Data Review
Evaluation external tools
Evaluation internal tools
Survey

Interviews

Analysis

Prototyping 1

Evaluation 1

Prototyping 2

Evalution 2

Report Writing
Presentation

Figure 5.1: Gantt-chart with initial timeline

The purpose of the timeline was to create a visual overview of the project, divided
into weeks. It gave an understanding of how much time was reasonable for each
part of the process and to adapt the parts accordingly. Each task were then further
defined and divided into smaller parts over the course of the project.

The literature review, internal data review, and evaluation of tools were planned to
get an overview of the project and to define its scope. A survey, interviews, and
analysis were then planned with the purpose to get a deeper understanding of the
current application and users. Later, the creation part, including prototyping and
evaluations, were planned to visualize the concept, which then could be finalized
into a report and presentation.

5.2 Milestones

Related to the timeline, milestones for the project were set as the following, in table
5.1. Report writing were planned to be executed during the whole project and the
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time scheduled were for finalizing, as well as to create buffer time if some parts
would take longer than expected.

Table 5.1: Planned milestones

Milestone Week
Project proposal 3
Planning report 4-7
Literature review & Internal data review 4-5
Evaluation of tools 5-8
Survey, Interviews & Analysis 7-10
Prototyping & Evaluation 1 10-14
Prototyping & Evaluation 2 14-17
Report writing 18-21
Presentation 21-23
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Process & Execution

In this chapter, the process and execution of all methods are described, including
the process description, internal data review and external tool analysis, survey, in-
terviews, mood board, sketching, wireframing, prototyping, and evaluation. During
this project, an iterative approach has been adopted, allowing for multiple revisions
and refinements. The users have been included throughout the design process, in-
volving their perspective and values. The steps of iteration will be described for
each section it covers.

6.1 Process

The process of the project had initial set milestones, which during the execution of
the project were adapted and turned into the list seen in table 6.1.

Table 6.1: Milestones

Milestone Week
Project proposal 3
Planning report 4-7
Literature review & Internal data review 4-5
Evaluation of tools 5-7
Survey 7-8
Ideation & Interviews 9-11
Analysis 10-13
Insights 14
Sketching & Wireframing 15
Prototyping 16-17
User testing & Evaluation 18-19
Report writing 19-21
Presentation 21-23

6.2 Internal data review

To understand how Research Assistant is structured and what technology lies
behind it, internal documentation was reviewed.
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Internally at the company, earlier research of Research Assistant had been
conducted. This included fault reports of bugs and written feedback from users
that had been collected earlier, which were read through. Some of the information
had been gathered in the form of bug reports, where users voluntarily submitted
written feedback through the use of the application.

Previous interviews had also been conducted, but they were scattered in dif-
ferent formats without any coherent conclusion. The documentation about the
previous research could be found in 9 Figma files, 14 Miro boards, and several
reports, as well as in videos.

The insights that could be extracted from the documentation were that the
users expect comprehensive responses, that they were struggling with understand-
ing application modes, and that they benefit from being guided on how to structure
their searches. However, since the documentation was done previously and did not
show a coherent conclusion, the outcome of the internal data review was that new
exploration and research were needed, where it was essential to approach the issue
with an open mind and approach the problem from an unbiased and foundational
standpoint, to objectively analyze the problem. This approach facilitated the
exploration of new pathways without preconceived notions.

6.2.1 Original interface

Below is the current interface of Research Assistant. The homepage consists of a
top bar with several buttons, some leading to a new tab, while some opens up a
pop-up in the application, see figure 6.1. It also has a text box, three suggestions for
questions, three modes to choose between, and a few warnings about the applications,
its limitations, and what the user needs to know.
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BIKG About?  Support®@ New Chat & History O

Research Assistant &

AstraZeneca's Al assistant for biomedical research

BIKG &~

Can you tell me the clinical Can you summarize the
What is the InChlIKey for D- y. . inclusion and exclusion
trials that combine

alanine? A . criteria for the trial CERTIS-
Cetuximab plus Adagrasib? s

A Please ensure you have read this notice to understand Research Assistant capabilities and limitations, as well as
how you should approach privacy and sensitive data.

Research Assistant is a non-deterministic Al model and may produce , or harmful
answers. Human oversight must be in place. All usage is monitored by AstraZeneca for improvement and auditing.

O Factual Balanced Creative

Figure 6.1: Current Homepage of Research Assistant

Feedback @ e

When receiving an answer, the current interface looks as below, see figure 6.2. In the
response, there are numbers which leads to a new tab with the reference if clicked.
There is also a list of the references at the bottom of the response, which consists of
a heading with the publisher, as well as the start of an abstract of the article, see

figure 6.3.

Research (D) )00 sypport @ New Chat History O Feedback Q E

Assistant

Can antiemetic medication be given in a TQT study?

In a Thorough QT/QTc (TQT) study, the primary objective is to assess whether a drug has the
potential to prolong the QT interval on the electrocardiogram, which can be a risk factor for
serious cardiac arrhythmias like Torsades de Pointes. The use of antiemetic medication in a TQT [}
study can be complex due to the potential for some antiemetics to also affect the QT interval.

Considerations for Antiemetic Use in TQT Studies:

1. Drug Selection: Some antiemetics are known to prolong the QT interval and their use might
confound the results of a TQT study. For example, ondansetron, a commonly used
antiemetic, has been shown to increase the QTc interval 1

2, Study Design: If antiemetic use is necessary during a TQT study, it should be carefully
managed and documented. The choice of antiemetic should ideally be one with minimal
or no known effects on the QT interval. Non-pharmacological options should also be
considered.

»

Regulatory Guidance: According to the ICH E14 guidelines, the study design should control
for any factors that could influence the QT interval, including the use of other medications
2

Safe Antiemetics:

+ Some studies have evaluated specific antiemetics like rolapitant, which was shown not to
have a clinically meaningful effect on the QT interval 3

« Itis crucial to select antiemetics that do not cause QTc prolongation, especially in settings

"'Balanced Creative

Figure 6.2: Current layout of response in Research Assistant
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Conclusion:

While it is technically possible to administer antiemetics in a TQT study, careful consideration
must be given to the choice of antiemetic, its known effects on the QT interval, and the overall
study design to ensure that the results remain valid and interpretable. For specific guidance on
which antiemetics might be appropriate, consulting updated clinical guidelines or a cardiologist
with experience in drug-induced QT prolongation is recommended.

iZ Sources

A - ascopubs - 1

Background: The objective of a ‘thorough QT (TQT) study’ is to determine whether a drug at
supratherapeutic concentrations has a pharmacological effect on cardiac repolarization as detected by
QT/QTc prolongation. The design is a (preferably) double-blinded, placebo- and positive-...

SN - springer - 2

s are prescribed in the acute care setting. Most carry a warning for QTc
interval prolongation, which may devolve into potentially fatal arrhythmias. Ondansetron, the most
commonly prescribed antiemetic, increases the QTc interval by...

00

View 2 more

Figure 6.3: Current references in Research Assistant

6.3 Survey

A survey was created with the purpose to gain an overview of RA, where the
answers would be used to find areas to explore further, see method in section 4.3.
The survey was created in Microsoft Forms to make the survey accessible to all
employees, and to be able to get as many users as possible to participate in the
survey. Furthermore, a survey was chosen to reach out to many participants in
an effective time-manner, as RA is an application that is used in several countries.
The aim with the survey was to get a broad understanding of how RA is used, what
is working well, and what the users are missing with the application. Therefore,
several questions were kept open-ended and focused on the usage of Research
Assistant, their user experience, and the interface.

Four iterations were made from draft to finished structure, which included
going through the questions with the supervisor at the company and two more
people within the team. The reason was to ensure that the questions created
a broad understanding of the usage of the application, with benefits and pain points.

The survey gathered demographics of the participant such as gender, age, de-
partment and role, to see what kind of distribution the respondents had and if it
was possible to see any specific patterns. The survey also included a section where
non-users could respond, to get more information about why people did not use
Research Assistant, to potentially possibly address this in our solution.
The survey included the following quantitative aspects that were measured:

o Frequency of usage

o Usage of certain functions

o The satisfaction with the current interface and the application in general
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It also included the following qualitative aspects:
o Benefits and pain points
« Workflow
o Features and desired additions

The survey was published internally within the company, on internal channels with
over 9000 people. The survey was shared by the product lead of the application, sent
directly to 13 people working in different departments asking them to share the link
with their team, and shared with a QR~code on 23 screens in 9 different buildings.
Since it is an internal tool with a specific internal target group, scientists, it was not
considered reasonable to open the survey for responses from external parties. It was
also no additional ways to share the survey internally. For all survey questions, see
appendix A.

6.4 Interviews

Semi-structured interviews were conducted for research purposes, see method in
section 4.4. The interviews also included user tests with low-fidelity prototypes, see
section 4.6.3. The interview questions template was iterated six times, with input
from three different people, and a list with arguments and purpose descriptions
for all questions was created to ensure that the interviews covered all aspects from
the survey that were considered important. A pilot interview was also conducted
with a person from the team, to test the structure and to estimate how long the
interviews would take. The initial interviews were scheduled on different days,
providing an opportunity to modify the manuscript if any issues with the interview
questions were identified.

All interviews were held online to keep consistency of the interview structure.
All participants received prior information to ensure they were well informed and
prepared for their participation. The information contained important aspects such
as time duration, request to record and if the participants could share their screen
to allow for the researchers to observe their initial expressions. The full email
template can be found in appendix B.

A total of 8 participants from the survey signed up for an interview, which
had different level of knowledge of the application. There was also a variation
in age among them, as presented in table 6.2. The duration of the interviews
ranged between 25 minutes to 50 minutes. One participant was not a user of
the application, while the other seven had varying experience, from only having
tried it once to using it almost every day. The non-user interview included other
questions than the users’ interviews, and included questions about their workflow
when doing literature searches, their opinion on Al tools, and how they find new
tools and information internally at the company. The interviews were recorded on
Teams, allowing us to transcribe and review the interview in a later stage. The
transcription was made by an internal software.
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Table 6.2: Age distribution of interview participants

Interview Par- Age [Years]
ticipant

30-39
30-39
40-49
30-39
50-59
30-39
50-59
18-29

0O 1 O Ui W N =

The first part of the user interview guide included open-ended questions and depend-
ing on the answers, sub-questions could be asked. The second part of the interview
included three low-fidelity prototypes of different functions, chosen from the survey
findings, to inspire the interviewees about what is possible and to encourage them
to share suggestions for improvement. For all interview questions, see appendix C
for the script used for users of RA and appendix D for the non-user of RA.

6.4.1 Low Fidelity User Test

The low fidelity prototypes were created by using the current interface as a template.
The creation of the prototypes included modes, references, and examples of wanted
functions and these themes were found and chosen from the survey findings. More
elements were added onto pictures of the current interface, and minor changes were
made by erasing some elements and then adding new ones above it. Thereby, the low
fidelity prototypes have a similar design to the current interface. The manuscript
for the questions asked for the low fidelity prototypes tests during the interviews
can be found in appendix C. The non-user of Research Assistant was not included
in this low fidelity user test, since it was deemed to be non-fruitful. Below are the
prototypes shown for the user during the interviews, see figures 6.4, 6.5, and 6.6.
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Research
Assistant

Version 1

Version 2

Factual

Cautious and factual, focusing on citing all statements.
Balanced

A balance between factual and apen-minded, citing

statements that are not well-established knewledge.

Creative

Open-minded and exploratory, relying on GPT's
Factual € [ knowledge to expiore new ideas.

1| Open-minded and exploratary. reying on GPT's
Knowledge o oxplare new ideas.

() Creative (

Figure 6.4: Low fidelity Modes

About @

Support &

‘When comparing the efficacy and safety profiles of Rivaroxaban and Apixaban, it's essential to
consider both their bioactivity data and findings from clinical studies.

Bioactivity Data
« Rivaroxaban shows high bioactivity against coagulation factor X (pEC50/pActivity: 10.4) and
has interactions with other targets such as coagulation factor Il, thrombin (pECS0/pActivity:
8.95), and ST14 transmembrane serine protease matriptase (pEC50/pActivity: 5.47) o

= Apixaban also demonstrates high bioactivity against 1 factor X (pEC50/pActivity:
10.12) and coagulation facter I, thrombin (pEC50/pActivity: 8.0), indicating its potent
anticoagulant effect

Clinical Efficacy and Safety Profiles

s A meta-analysis assessing 24,156 patients for Apixaban and 38,847 for Rivaroxaban showed
a trend towards a lower risk of recurrent venous thromboembolism (rVTE) with Apixaban
compared to Rivaroxaban. Additionally, Apixaban demonstrated a significantly lower risk of
major bleeding events, suggesting a favorable safety profile

s Further analysis supports the notion that Apixaban may be more effective than Rivaroxaban
in preventing the development of recurrent venous thromboembolism and major bleeding
events, providing assurance to clinicians regarding its efficacy and safety as a therapeutic
option

« Another study highlighted that, based on the analysis, there is compelling evidence
suggesting Apixaban has superior effectiveness and safety compared to Rivaroxaban,
especially in reducing major bleeding events

Conclusion

Both Rivaroxaban and Apixaban are potent anticoagulants with high bicactivity against key
coagulation factors. However, clinical evidence suggests that Apixaban may offer a more

New Chat (& History O

( Feedback @ ]E

Reference Library

D |

@ Internal AZ data
External data
Number of references:
17

Reference )
AstraZeneca Chemistry Application Gateway (CAG) Explorer

Reference

Chemical language and organic chemistry teaching.
Roque N.F,Silva J.LP.B.

Quimica NovaOpens journal info in a new tab 2008

Reference

SMILES, a Chemical Lanquage and System: 1: ion to
Methodology and Encoding Rules
D.. Weininger, David
Journal of Chemical

tab 1988

d Computer SciencesOpens journal info in a new

Reference

Astrocytes: Biology and pathology

M., Sofroniew, Michael V., H V., Vinters, Harry V.

Acta Ne jicaOpens journal info in a new tab 2010

Reference

Chemical systems of the brain and evolution

Ellison G.D.

Brain, Behaviour and EvolutionOpens journal info in a new tab 2018

Figure 6.5: Low fidelity References
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i:z:;:n}; ©  About?  Support New Chat @ History O Feedback @ ﬁ
Level of depth A References type A Length of answer (words) Clear fiters
High-level overview ® Web Search
- @
Intermediate level e} Compound search 0 00
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]
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)

Internal Graph Search
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ClinicalTrials.gov
Compare the efficacy and safety profiles of Rivaroxaban and Apixaban

The efficacy and safety profiles of Rivaroxaban and Apixaban have been compared in several
observational studies and meta-analyses. Here's a summary based on the available data:

Efficacy

= A meta-analysis including nine observational studies with 24,156 patients for Apixaban and
38,847 for Rivaroxaban showed a trend towards a lower risk of recurrent venous
thromboembolism (rVTE) with Apixaban compared to Rivaroxaban (RR 0.77, 95% Cl 0.57-1.04,
12=53%) 1

« Further evidence suggests that Apixaban may be more effective than Rivaroxaban in
preventing the development of recurrent venous thromboembolism and major bleeding
events, providing assurance to clinicians regarding its efficacy as a therapeutic option for the
treatment of patients with venous thromboembolism 2

Figure 6.6: Low fidelity Functions

The insights from the low fidelity prototypes can be found in section 7.2.1 and served
as a basis for the wireframing and higher fidelity prototype.

6.4.2 Interview analysis

For the interview analysis, a reflexive thematic analysis was made to structure the
answers and to find insights with needs, see method in section 4.7.3. Following the
Reflexive TA process, the first step was to get familiarized with the dataset, which
included going through the transcript of each interview and making notes on initial
observations. For each interview, coding was then done to group different quota-
tions. These were then given initial themes, see example in figure 6.7. An deductive
approach was adopted for the first stage, where it was predetermined what kind
of themes the data would be categorized into. The purpose of this was to merge
each interview and its individual thematic analysis into a uniform analysis in which
all participants interview responses would be gathered. Without this deductive ap-
proach, it would be very difficult to compare the answers and find shared similarities
across the interviews.
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Use cases Workflow

Pain Points Prompting

Modes

Attitude Benefits

= . Our design features

Functions
References

Figure 6.7: Interview 4 Thematic Analysis

Data from all interviews were then gathered and divided into the initial themes, to
get an overview of the data, see example of structure in figure 6.8.
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Figure 6.8: Use cases and Pain points - initial themes

The sticky notes were then divided into smaller groups and initial subthemes. An
emergent approach was adopted, allowing codes and themes to naturally arise from
the data rather than relying on preassigned ones. Allowing for emerging codes
and themes, enabled a data-driven, flexible, and explorative approach. It was data-
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driven because the codes were grounded in data, and the flexibility allowed to remain
open for unexpected themes that did not align with initial expectations, reducing
researcher bias. The sticky notes kept the color of each participant to give an
overview of how many people mentioned the same aspects, meaning that each color
represents a certain participant, see figure 6.9. By going through all sticky notes
and themes iteratively, the themes were refined and defined into a final version. An
overview of the final version can be seen in figure 6.10 and more details about the
themes can be found in section 7.2. Additional figures of the final version can be
found in appendix E.

Needs

References: View, access, Reference/text ~ Organize/view
internal, trust Reference ranking Transparency Visuals exportation searches Settings before prompting

Access to internal
projects information

Desire to use fewer tools

Incorporate deep research & more metadata

Information about new tools

Figure 6.9: Step 3: Reviewing of themes and subcategorization of Needs.
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Figure 6.10: Overview of the thematic analysis of interviews

To understand the user needs in a structured way and to clarify why they have
certain needs, a list was created to summarize them in a comprehensive way. By
going through the sticky notes and looking for what the user need, categories could
be set up in the list. From the sticky notes, it could also be identified why the users
have that need. See part of the list in figure 6.11 and the full list in appendix F.
The list consisted of 14 needs categories, including the following:

o Tools for gaining more knowledge
o To get summaries

o Writing aid

» References / Verification

o Up to date information

o Clear communication

e Visuals
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Exportation
Organization
Prompt settings
Save time - fast tool
Modes

Minimalistic layout

Level of depth

What does the user need?

Tool for gaining more knowledge

To get summaries

Writing aid

References [ Verification

Why?

To understand the project better

To get background information

Find new angles for projects

How things are interconnected

Explore targets

Get additional guidance beyond the summaries

Save time
Get inspiration for literature
Get familiar with topics

Mot have to read large documents

See if information is reasonable

See if information makes sense

To find additional information

To find previous references by explaining what it was about
Too many references can be overwhelming

Reference titles are sometimes too long

Want to distinguish internal and external data

Want reference right away, not having to click and copy in
new d

To see the reference without scrolling down
To see links to internal information as well
Links to internal data

Title, year, journal

Digital identifier to find the text/info
Ranking of references

Highly cited references to increase trust
MNewer articles to increase trust

Reliable sources to increase trust

Figure 6.11: List of Needs and Why’s
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6.5 Insight cards

To have a basis to start with for the beginning of the design phase, insights were
made from the thematic analysis of the interviews, as well as from the survey, in
the form of insight cards. The purpose was to get clarity on what to design, to
fulfill the users needs based on what had been found from the interviews and survey.
The insight cards stated what the user needs, a list describing why, gave a design
recommendation on how to satisfy these needs, and had quotes to strengthen them,
see example of structure in figure 6.12. The structure was decided to align with an
internal company structure and to give a clear summary and overview of the insights
from the interviews and survey. The quotes were added to show how the insight was
formed from user opinions, the why was added to strengthen and support the need,
and the design recommendations were added to provide clear guidance for the next
steps in an open manner. For all insight cards, see appendix G.

4 N
Insight theme References 2

“So if I know it's looking at AstraZeneca data, | have a lot of

. . .
The user needs to dlstl ng ulsh trust in what it's saying as it moves beyond that, just as a user
of tools on the internet, then | have less and less faith that the
(P information is accurate, and | think that's just the nature of
references efficiently things"
Participant 2
° GIVeS a the usera qUICk overview Of the I'efel'enCeS “Ithink showing internal/external is a really good idea,
presented where some referenCeS are more re|iab|e showing the differentiation. And it's nice to know what kind of
! percentage is internal and external.”
than others Participant 3

« Internal references are more trustworthy

. Py . B “[Reference type] I've got all these, but which one is becoming
« Easier to distinguish where data is from the priority?
« Makes it easier to trust the output Participant 2

Recommendations:

Visualise if the reference is from internal or external source
Let the user choose where to find the data

Provide reference title, year, author, and link

Prioritize and/or view distribution of reference type

N /

Figure 6.12: Insight References 2
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6.6 External tool analysis

An external tool analysis was conducted in order to understand what currently is on
the market in terms of conversational agents. By reading about the applications, try-
ing out different functions, and inserting pictures of the different functions together
with short descriptions in Figma, inspiration was received in terms of what features
are in use and how these have been implemented in different applications. Six differ-
ent conversational agents were examined, chosen for that they were either industry
leaders, there was a buzz about them, or they were made by large tech-leaders, to-
gether with the requirement that they should be free to use. The conversational
agents that were examined were ChatGPT, Claude, Copilot, Gemini, Notebook LM,
and Perplexity. See example of external tool analysis in figure 6.13.

Perplexity

First user - guidance Functions - collaborate with others

Related subjects

Start / Landing page

Different modes

Library / chat history
e Save threads to different spaces Search for previous chats (w key words) Bookmarks

Settings Persona lize

Figure 6.13: External tool analysis of Perplexity

6.7 Mood board

A mood board was created to communicate the style of the upcoming design, see
method in section 4.5.3. It was also used to align the design with the company’s
and the department’s visual identity. The mood board was created by browsing
through different external sources, and by finding inspiration from the external tool
analysis. Several entities were added to create an overview of the vision, including
colors, inspiration from other applications, and descriptions of functions. The mood
board can be seen in figure 6.14.
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Figure 6.14: Mood board

6.8 Prototyping

The insights from the survey, interviews and thematic analysis, and the mood board
served as the basis for the start of the prototyping phase, which is presented below.

6.8.1 Sketching

With the design recommendations on the insights cards, the phase of sketching
started, see method in section 4.6.1. The design recommendation guided the sketch-
ing of the design to set some boundaries of what to include in each design solution.
Sketches were made of all of the 10 insights cards and their design recommendation
with the Crazy 8 method, see section 4.5.1. If some design recommendations could
be combined, they were explored simultaneously, which turned the insights card into
sketches divided into six categories:

o References 1

o References 2

e Modes 1 + 2

o Transparency 1

o Transparency 2

o Communication 1 + 2 + 3

This created 96 sketches that explored solutions for the different insights. An ex-
ample of sketches for references 1 can be seen in figure 6.15, and for references 2 in
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figure 6.16. They explored different solutions, for example, on how to interact with
buttons, how to structure a list of references, and how to view both the response
and references.

Figure 6.15: Sketches of References 1 insight

Figure 6.16: Sketches of References 2 insight

In figure 6.17, an example of sketches for insight Modes 1 and 2 can be seen. Solu-
tions for how to visualize, for example, current modes were explored, as well as the
option to not have modes, have other types of settings.
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Figure 6.17: Sketches of Modes 1 + 2 insights

For the two transparency insights, it was explored how to inform the user about
limitations and possibilities, how to give the user an understanding of the answer
procedure, and how it can provide examples of follow-up questions. An example of

transparency 1 sketches can be seen in figure 6.18 and of transparency 2 in figure
6.19.

Figure 6.18: Sketches of Transparency 1 insight
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Figure 6.19: Sketches of Transparency 2 insight

The three communication insights were put together to explore solutions regarding
coherency with buttons, pop-ups, and other elements, visuals responses from the
application, and clearly provided data. In figure 6.20, sketches of communication
insights can be seen. For all sketches, see appendix H.

Figure 6.20: Sketches of Communication 1 + 2 + 3 insights
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6.8.2 Wireframing

In order to choose what sketches to make wireframes of, the method dotvoting was
utilized, see methods in section 4.6.2 and 4.5.2. The ideas that were considered to
be a suitable solution for the insight cards got a star, and the ideas with stars were
developed into simple wireframes in Figma. This resulted in 60 separate wireframes,
all connected to the sketches and insights to various extents, where some were several
versions of the same idea but a slightly different way to visualize it. The wireframes
that were chosen to turn into the design were chosen together with the department
team, by seeing which ones that explored and combined the most recommendations
from the insight cards. An example of the wireframes can be seen in figure 6.21.
More wireframes can be found in appendix I.

Research Assistant

Lorem ipsum dolor sit amet consectetur. Massa viverra.

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor
nec facilisi risus blandit. Urna dolor pellentesque ultrices mauris id id nen tristique. Cursus aenean
duis suspendisse daner liharn sit duis nltricies nan Placerat diam amet facilisi ot alinnam erat

neque acm in praesent
tristique. 1
Capabilities Limitations Risks

Vel pulvinar erra nibh
arou. Quis f Lorem ipsum dolor sit amet consectetur. Tincidunt nullam urna |
etiam tincic ¢ get phasellus. Ornare enim malesuada interdum ornare. Vitae

dictumst tincidunt at vitae velit. Sit sed sit elementum metus.
Etnamdiar  ggestas mi eleifend sem pulvinar Aliquet dignissim et dictum cras Jr sed.
ETEEE T suspendisse quis aliquam magna. lercies
pharetra cr, »landit
=ctisestl Et nullam non nec purus tincidunt varius sed. Eget gravida | SR
etfelisbibe  tricrique leo orci ornare tristique consectetur mattis ultrices. B
W AEEL Pharetra aliguam netus bibendum purus suspendisse vel egestas

libero cras. Risus amet tortor pellentesque donec nibh tellus
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Ask anything...
Factua ~ = Add attachment

Figure 6.21: Wireframing Transparency 2

6.8.3 Design of New workflow

The design of the application was prototyped in Figma from the wireframes, see
method in section 4.6.3. The wireframes laid out the structure and layout of
the design, and which features to implement. The mood board and external tool
analysis served as inspiration to the higher fidelity design, which was created for
the user testing.

The new Homepage can be seen in figure 6.22. To see information about the
application, an information-button is added in the side panel, which opens up as
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seen in figure 6.23.

00D

Welcome to
Research Assistant

AstraZeneca's Al assistant for biomedical research

anythi

Text-to-Text

A Reference type A

Figure 6.22: New Homepage of RA

1. Risk of QTc Prolongation: Many antiemetic medications, including commonly prescribed ones
like ondansetron, are known to increase the QTc interval, which can lead to potentially fatal
arrhythmias. @

2. Selection of Antiemetics: It is crucial to choose antiemetics that do not cause QTe prolongation
when considering their use in a TQT study. Clinicians should be familiar with antiemetic classes
that can be safely used in patients who have an established prolonged QTe. @

3. Study Design Considerations: The design of TQT studes typically includes a placebo and a
positive control (often moxifloxacin) to benchmark the QT effects of the test drug. Introducing

an antie
QT data.

Conclusion
While it s t¢
be given to
designto el
antiemetics
experience

Follow-up ¢
Which antieme
What guideline
What methods

Can you provic

Text-to-Text

ation of the
Copabies  Limitatins
ation must
+ Do not input personal information when interacting with the I study
Research Assistant. nwhich
st with
* Be cautious in making decisions based on the Assistant's outputs,
especially in critical areas like patient care or business operations,
due to potential limitations in accuracy and transparency. ~
- Critically assess any information from the Research Assistant before —
applying it in any context.
—

~ Reference type ~ s

Figure 6.23: Information pop-up

The new response when asking a question can be seen in figure 6.24. The right panel
can be opened up to see the references side by side. Follow-up questions have been

added as well, seen in figure 6.25.
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References

Which antiemetics are known to have minimal effects on QT prolongation suitable for TQT studies?
33%
67%,

@ Internal

External
For TQT (Thorough QT) studies, it's crucial to select antiemetics that have minimal effects on QT .
prolongation to avoid confounding the results. Based on the available information, here are some
antiemetics that are generally considered to have minimal effects on QT prolongation:

1. Palonosetron: This is a 5-HT3 antagonist that has been shown to have minimal impact on the QT -

interval. (1 patient with a risk of QT prolongation? . https://inpharmd.com/
2. Dexamethasone: As a corticosteroid used for its antiemetic properties, particularly in 13025675 2e9a3fdf427e3474
induced nausea, does not appear to significantly affect the QT 06244£29252
interval. @@ ©

3. Scopolamine: Commonly used for motion sickness, scopolamine is another option that does not

significantly prolong the QT interval, @ @ Astrazeneca. (2025). Safety, tolerability, and pharmacokinetics of

AZD1775 (Adavosertib) plus MEDI4736 (Durvalumab).

com/apt:
It's important to note that while these drugs are generally safer in terms of QT prolongation, [}

individual patient factors such as existing heart conditions, electrolyte imbalances, or concurrent
medications that affect the QT interval should also be considered to ensure safety. Nguyen, M., Alvarez, S., & Carter, T. (2025). Prescribing
For more detailed information on the effects of various antiemetics on the QT interval, you can guidelines for antiemetic medications. BioRxiv. https:/

refer to the following resources:

©
+ Safety, tolerability, and phar ics of AZD1775 @
+ Antiemetic drugs: what to prescribe and when - PMC3 @

These sources provide comprehensive reviews of different antiemetics, their mechanisms, and their
effects on the QT interval, which could be highly beneficial for designing and conducting TQT
studies.

Ask anything

a

TexttoText A  Referencetype A <

Figure 6.24: Response to prompt with references

1. Risk of QTc Prolongation: Many antiemetic medications, including commonly prescribed ones
like ondansetron, are known to increase the QTc interval, which can lead to potentially fatal
arrhythmias, 2

2. Selection of Antiemetics: It is crucial to choose antiemetics that do not cause QT¢ pralongation
‘when considering their use in a TQT study. Clinicians should be familiar with antiemetic classes
that can be safely used in patients who have an established prolonged QTc. @

3. Study Design Considerations: The design of TQT studies typically includes a placebo and a
psitive control (often moxifloxacin) to benchmark the QT effects of the test drug. Introducing

00D

. an antiemetic with potential QT prolonging effects could interfere with the interpretation of the
. QT data. @
Conclusion:

While it is technically possible to administer antiemetics in a TQT study, careful consideration must
be given to the choice of antiemetic, its known effects on the QT interval, and the overall study
design to ensure that the results remain valid and interpretable. For specific guidance on which
antiemetics might be appropriate, consulting updated clinical guidelines or a cardiologist with
experience in drug-induced QT prolongation is recommended.

Follow-up questions ~
hich known to have t50nQTp suitable for TQT studies? —
What guidelines do regulatory Tike the FDA provi tiermetics in TQT studies? -

What methods are used in TQT studies to minimize risks from confounding medications like antiemetics?

Can you provide case exampl i used in TQT impacting results? .

Text-to-Text ~ Reference type ~

Figure 6.25: Follow up questions

Models were added instead of modes and text-to-image, as well as an attachment,
can be seen in figure 6.26. The visual response can be seen in figure 6.27.
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Welcome to
Research Assistant

AstraZeneca's Al assistant for biomedical research

&
7N
From this data, could you create a heat map?
Text-to-Image ~  Reference type ~ (] statistics_Marchxisx © ®
From this data, could you create a heat map?
Statistics_March.xisx &
I
Absolutely, here is a heat map created from your document:
&
N
Ask anything...

A

Text-to-Image ~ Reference type ~

Figure 6.27: Text to image answer

6.8.4 Design of A /B-tests

The prototype also consisted of two versions of references and modes, which were
used for A/B-testing. A/B-testing was chosen to do to be able to compare sev-
eral alternatives and to evaluate as many functions as possible. This was due to
the participants in the interviews being very positive, and therefore there was a
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need to explore broadly to be able to find what areas of improvement that could
generate most user satisfaction. To choose which solutions to compare during the
A /B-testing, a meeting with the department team was held, where initial alterna-
tives were discussed and iterated into the chosen alternatives, see method in section
4.7.5. The A/B-testing for references that was selected can be seen in figure 6.28.

009D

Which antiemetics are known to have minimal effects on QT prolongation suitable for TQT studies?

For TQT (Thorough QT) studies, its crucial to select antiemetics that have minimal effects on QT
to avoid he results. Based on the  here are some
antiemetics that are generally considered to have minimal effects on QT prolongation:
1. Palonosetron: This is a 5-HT3 antagonist that has been shown to have minimal impact on the QT
interval. @
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used for its antiemetic properties, particularly in
nausea, does not appear to significantly affect the QT

interval, @
3. Scopolamine: Commonly sed for motion sickness, scopolamine is another option that does not
significantly prolong the QT interval. @

It's important to note that while these drugs are generally safer in terms of QT prolongation,
individual patient factors such as existing heart conditions, electrolyte imbalances, or concurrent
medications that affect the QT interval should also be considered to ensure safety.

For more detailed information on the effects of various antiemetics on the QT interval, you can
refer to the following resources

+ Safety, tolerability, and of AZD1775 @
+ Antiemetic drugs: what to prescribe and when - PMC3 @

These sources provide comprehensive reviews of different antiemetics, their mechanisms, and their
effects on the QT interval, which could be highly beneficial for designing and conducting TQT
studies.
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(b) Reference B

Figure 6.28: A/B-testing of References

A /B-testing for modes consisted of alternative A, with models and reference types,
and alternative B, with prompting and suggestions of frequently asked prompt-
functions. In figure 6.29, the models of alternative A is seen, together with al-
ternative B. In figure 6.30, the reference types of Modes alternative A can be seen.
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Figure 6.29: A /B-testing of Modes

)
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Welcome to
Research Assistant

AstraZeneca's Al assistant for biomedical research

00D

Web Search
Compound Search
Literature Search
Internal Graph Search
&
7N

Clinical Trials

TexttoText A  Referencetype A

Figure 6.30: Modes A - Reference type

6.8.5 FEvaluation - User tests

User testing was conducted to evaluate the design, see method in section 4.7.4.
The user tests structure were iterated before they were conducted, with focus on
ensuring that both qualitative and quantitative measures would be included, and
that it was possible to compare the data to the survey and previous interviews
during the evaluation. The structure of the user tests was developed and iterated
in collaboration with the team at the company. The requests to participate in the
user testing was sent out to the seven people which previously had been interviewed
as RA-users. Five out of these seven requests was accepted, the other two declined.
The user tests script that were used can be found in appendix K. The user tests
were all held digitally, with the reason that some of the participants were located
in other countries and the structure and conditions were wanted to be coherent for
all participants.

To keep anonymity of participants in both the interviews and user tests, they got

assigned a number. The numbering from the interviews and the corresponding
participant from the user tests can be seen in table 6.3.
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Table 6.3: Participants numbers for Interviews and User Tests

Interview Participant

User Test Participant

Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6

Participant 5
Participant 2
Participant 3
Participant 1
Participant 4

Participant 7 -
Participant 8 -

The user testing consisted of a mixed method approach, including both quantitative
and qualitative measurements. A /B testing was applied, with a within-subjects
design where all participant was shown and tested all the versions.

The user tests evaluated six different elements, where the participant was
given a task to perform for each element. The participant was asked questions
either during or after the task had been completed. After testing each element,
the participant was asked to fill out the questionnaire Usability Metric for User
Experience, UMUX. UMUX was chosen as a method to evaluate user experience
since one of the factors is focusing on perceived ease of use, which was one of the
essential factors for Al acceptance, see section 2.11. Furthermore, it is a time
efficient method to evaluate user satisfaction. It was essential to make use of a
time efficient method for the participant to have time to conduct all the tasks
in each prototype and complete a questionnaire together with each prototype tested.

Outlined below is a summary of the user test, and the full script for the
user test can be found in appendix K.

The structure of the user tests consisted of:
e Section 1: Conduct tasks in the current application
 Section 2: Conduct tasks in the (4) A/B versions

e Section 3: Conduct tasks in a workflow with the new design

Firstly, the participant had to go through two tasks in the current application
to immerse themselves in the current interface of the application. After this,
they filled out the UMUX questionnaire. The task served as a reminder for the
participant, compensating for differences in their application usage frequency. It
was also used to avoid the scoring being affected by how well they remembered the
interface. The following four elements were the different A/B versions, which was
laid out in different order for each participant to avoid the ordering effect could
affect the result. The prototypes shown for the A/B test can be seen in section 6.8.4.

Order of the different A/B versions for each participant:
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o Participant 1: Reference A, Reference B, Modes A, Modes B
o Participant 2: Modes A, Modes B, Reference A, Reference B
o Participant 3: Reference B, Reference A, Modes B, Modes A
o Participant 4: Modes B, Modes A, Reference B, Reference A
o Participant 5: Reference A, Reference B, Modes B, Modes A

Participants completed identical tasks when working with reference A and B, and
similarly with modes A and B. However, the nature of the task varied between the
references and the modes. To have identical tasks was to ensure a fair comparison
between the different versions of references and modes. By keeping tasks consistent,
it helps to isolate the effect of the independent variable (the interface). This makes
it easier to see whether if it was the variable being tested was the aspect causing
the effect rather than the change in the task.

After the A/B test was conducted, the test ended with participants complet-
ing tasks in the new workflow. The prototypes shown of the new workflow can be
seen in 6.8.3.

To evaluate the quantitative UMUX scores that had been received during
the user tests, the formula for Usability Metric for User Experience, UMUX, scale
was applied, see section 4.7.7.1.

Each item in the questionnaire corresponds to a particular usability aspect.
Specifically, Item 1 refers to Question 1 of the UMUX questionnaire, Item 2
corresponds to Question 2, and this pattern follows for Items 3 and 4.

6.9 Important factors

The important factors were created with the purpose to answer the research ques-
tion. They are based on insights from the survey, interviews, and user tests, as well
as design theory (see section 3.7) to find important aspects that were connected.
The survey was broad and used to gain an overview of the application, and the
interviews were semi-structured and in-depth. The interview analysis consisted of
an in-depth thematic analysis, with insight cards as the outcome, which were iter-
ated as well to cover all important aspects. The conducted user tests consisted of
both quantitative and qualitative aspects, and by so collecting broad insights and a
thorough understanding. All these mentioned methods laid the foundation for the
important factors, creating an outcome based on thorough work, were each part had
been iterated to ensure that the purpose was fulfilled. The outcome of each method
was reviewed, to include insights from all results. By iterating this step, it could
be ensured that the important insights from all of the methods were included in
the list of important factors. The factors were created with a high-level perceptive,
with the aim to make the aspects applicable for all conversational agents designed
for internal company use.
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Results

The following chapter contains the outcome of the project. The results from the
survey, interviews, and user tests are presented, followed by important factors, the

final design, and the evaluation of it.

7.1 Survey

The survey gathered 54 responses from over 20 departments. The first section in-
cludes the demographics of the respondents. The respondents were almost evenly
split, with 58% identifying as women and 42% as men. Participants spanned all age
groups and represented various divisions and roles within the company, see figure

7.1 and figure 7.2.

1. Gender

® Woman

® Man

@ Non-binary

& Prefer not to say

@ Other

2. Age

® 15-29 7
® 30-39 13
® 40-49 14
® 50-39 18
® 60+ 3

32

23

=]

58%

(a) Gender
% 13
-\
33%
24%
25%
(b) Age

Figure 7.1: Gender and age distribution
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8 respondents (15%) answered Associate for this question.

Contract Manager

Development Manager H S
Technical Associate DII’ECtOF Research Scientist M SrSuentlstAl Project Manager
-
_ - ntic+ Associate Vianager,, ...
Principal Scientist ata seients
. o . . lead Senior Scientist Oinical SCIfEnlIST.:
Analytical scientist Principle Scientist e . Manager Product Manager Senior Director
(a) Role
5 respondents (9%) answered Development for this question.
Product Development PT&D clinical development PharmSci/ECD Facilities Management
Site Management Chemical Development E I e
= arlr CVRM/Biometrics
Early i&loperatlons Development y Affairs
Early CVRM Late CVRM

Discovery Sciences P -
CVRM Bioscience Pharmaceutical Development Pharmaceutical Sciences

(b) Department

Figure 7.2: Role and department of respondents

Non-users of RA answers

Half of the survey respondents reported not having used the Research Assistant.
Of these non-users, 21% reported that they did not have a need for the tool. The
majority of the non-users, 79% reported “other”. In the text box where respondents
could voluntarily choose to write to further explain the choice of “other”, almost all
of the non-users reported that they did not know that the tool existed. Furthermore,
when asking when in your work the non-users could include Research assistant, the
majority of the non-users were uncertain of potential use cases. The last questions
included what other tools, such as Al tools, the non-users used where the majority
96% of users reported using AstraZenecas internal ChatGPT.

Users of RA answers

Respondents had varying levels of experience, ranging from never having tried
it to using it almost daily. The questions with pre-written alternatives showed
that 8% of RA users have only tried it once, 50% use it 1-5 times a month,
35% use it 1-5 times a week, and 8% use it almost every day. Information
gathering was seen as the primary task for the application. A majority (85%) of
the users identified pain points with the application, where the main pain point
included lack of access to references or literature the user reported existed. The
primary benefit with the application were that it saves time. Other benefits were
that it increases productivity, is fast, uses scientific evidence, that the answers
include internal information, and that the information is summarized, among other
benefits. More than half of the respondents 58% reported not using the chat history.

There are three modes the users can switch between (Factual, Balanced, and
Creative), and this function is used by 50% of the users, 19% do not use them,
and 31% do not understand them. 58% of users want more functions included in
the application. These included among others to be able to favorite chats, have
chats organized by topic, see a metric of how reliable the sources are, and more
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knowledge about its limitations.

The questions related to the interface of RA showed that respondents evalu-
ated RA to be easy to use and were satisfied with their experience, see figure 7.3.
The average rating (on a scale of 1 to 5) for how well users were able to use the
application on their first attempt was 4.96.

8. Rate how well you were able to use the Research Assistant on your first attempt.

Level 6 G ©

Level 5 I 12

4°96 Level 4 NN 4
Average Rating
level 3 W1
ok k&Y
Level 2 1
Level 1
(a) First time usage of RA
15. Rate the interface of Research Assistant
@ Strongly disagree ™ @ - @ Strongly agree
| find Research Assistant easy to use [
| am satisfied with my experience using Research Assistant | L1 |

100% 0% 100%
(b) User experience of RA

Figure 7.3: Interface of RA

Respondents were also asked to rate how likely they are to recommend Research
Assistant to a colleague. Out of the 28 respondents of this question, 16 are marked
as promoters, 8 as passives, and 2 as detractors.

Microsoft Forms created word clouds from the free text survey answers. These
were put into FigJam together with the answers from the multiple choice questions,
which Microsoft forms had turned into pie charts. By going through all questions,
by both looking at the word clouds and by looking at and comparing specific
answers, an overview of the survey results was created. The survey answers then
resulted in a list of topics to explore further during the interviews:

o Workflow

Benefits and Pain points
Trust
Modes

References
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o Functions including level of depth, answer length, and reference type

7.2 Interviews

From the interviews, insights were gathered through an thematic analysis. The
thematic analysis resulted in 8 themes, divided further into sub themes, as well as
the connected insight, see tables 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, and 7.8.

Table 7.1: Use cases theme from thematic analysis of interviews

Theme: Use cases Insights

Understanding
Learn new subjects

Explore and understand targets
Investigate new angles to a subject

Find information
Checking if information is available
Find information about prior projects

Writing Aid
Email creation with suitable tone
Write documents

Summaries
Create summary tables

Literature summary, get familiar with topic
Inspiration tool for literature
Summarization of subject, key points

Table 7.2: User workflow theme from thematic analysis of interviews

Theme: User work- Insights
flow

References & Verifica-
tion

Double checks if answer makes sense
Verifies that the information is reasonable
Scrolls down and uses references

Verifies with other scientists

Query writing
Uses key words for context specifics
Optimizing the query based on wanted aspects

Knowledge search
Checks literature and databases to find informa-
tion thats unlikely to exist

Follow up on the citations it provides, learning
more about science
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Table 7.3: Benefits theme from thematic analysis of interviews

Theme: Benefits Insights

Time saving
Quick & saves time with summaries

Quick & saves time with text and grammar
Instant access to knowledge

Quick access

Cuts down on manual
work

Gives more time to compile what they have learned
from literature

Understanding
Understands science
Can explain in a simple way

Internal data impor-
tance

Important to access internal data

Trust because of AstraZeneca data

Access to internal data deemed most important

Access to sources
Satisfied with the web links
Can validate the results based on the references

References
Numbers the references and lists them
Efficient & reliable source information
Easy access and display of references
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Table 7.4: Pain points theme from thematic analysis of interviews

Theme: Pain Insights
points
Wanted information

not accessible

Most recent information is not available
Cannot access certain information
Not enough small molecule data

Display of references

Forgets what information is related to what source
when forced to scrolling up and down
Overwhelming with too many references

Titles too long in references

Hard to differentiate internal and external data
The text in the references do not make sense

General frustrations

Cannot pre-type next prompt when RA is thinking
Prompt suggestions are unnecessary

Unclear output

Uncertain in how to interpret the data
Uncertain in how to interpret the answers

Modes are unclear

Have to guess what each mode means
Do not understand the modes, uses default

Table 7.5: Prompting theme from thematic analysis of interviews

Theme: Prompting

Insights

Common to reprompt

Rewrites prompt sometimes
Gets right answer after some reprompting

How they prompt

Writes the gene and disease to get an answer

Simple prompting

Keeps it simple, 2-3 words

Being specific

As detailed as possible
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Table 7.6: Attitude theme from thematic analysis of interviews

Theme: Attitude

Insights

Positive

Interest in learning new things

Mindset

Learning curve with using Al
Don’t want to combine creative Al and science

Settled mindset

Cannot ask for more
Satisfied with current solution

Perception of RA

Treats it as a human
Want it more as only a search tool
Users treating RA as a human = creepy
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Table 7.7: Needs theme from thematic analysis of interviews

Theme: Needs

Insights

References - View

Want references from internal experiments
Want long reference titles summarized
References: title, year, journal

What tool used to create the answer

References - Ranking

Want to know how trusted the source is
Want references from reliable sources

Transparency

Want to know why RA chose certain data
Visuals

Graphic mode with mind maps

Want to see visualizations

Images in the output
Exportation

Want to download the prompts and answers
Export citation in proper format
Be able to copy reference

Organize searches

Want options on how to view the answers

Prompt settings

Want to upload their own data
Want to choose recency of information
Want to upload a paper themselves

Change of layout

Make modes layout more salient

Display of output

Want suggestions of information

Need for detailed scientific summaries

Appreciate bullet points and highlighting of con-
cept

Likes short version - easy to skim through text

Access to internal
projects information

Read about what others have done internally
Who else is searching for the same data

Desire to use fewer
tools

Use fewer tools to get the answer
Wondering if RA and AZchatGPT can be the same
tool

More data

More chemistry and metadata

Understanding

Need description of what each function means
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Table 7.8: Trust theme from thematic analysis of interviews

Theme: Trust Insights

References
References makes it easier to trust the output
Trusts internal data more than external

Trusts answer if verifying the references

Need for references to be able to check every fact
and thus, trust it

Trust it 60%, therefore always questions it looks
at the references

Verification of infor-
mation

Verifies all data, since it is good practice

Check if the answer seems reliable

Asks other experts if the answer seems accurate
Verifies if the information is accurate

The quality of the information is determined by
how reliable the output is

7.2.1 Results from Low Fidelity User Test

To see the prototypes shown in low fidelity user test, see section 6.4.1 and to see
the full results from the thematic analysis of the low fidelity user test see appendix E.

The first prototype was modes, see figure 6.4. The feedback was that partici-
pants appreciated being able to read the descriptions of modes, which enhanced
their understanding of what the mode entailed. Most of the participants preferred
the drop down-version over hovering.

The second prototype shown was references, see figure 6.5. The participants
were very positive to the side-by-side view, stating it was a way better solution
than the current one.

The last prototype shown was functions, see figure 6.6. The participants
were not fond of the level of depth nor the length of answer, but showed curiosity
towards reference type.

7.2.2 Insight cards

The created insight cards included three cards for the theme References, two for
Modes, two for Transparency, and three for Communication. The themes were
chosen to cover all insights from the interviews and survey in a summarized and
structured manner. For all themes and descriptions, see table 7.9.
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Table 7.9: Categories and descriptions from the insight cards

Category

Description

References

The user needs references

The user needs to distinguish references efficiently
The user needs to be able to reference the source
in other tools

Modes

The user needs guidance in how to interpret the
modes
The user needs guidance in how to use the modes

Transparency

The user needs information about how it created
its answer and guidance in how to interpret it
The user needs to understand what limitations
there are with the application

Communication

The user needs clear communication of the inter-
face

The user needs a visual way to interpret the infor-
mation

The user needs clear communication of the infor-
mation

7.3 User tests

The user tests consisted of a quantitative and a qualitative part, and the results

from them are presented below.

7.3.1 Quantitative part

The following illustrations (figures 7.4, 7.5, 7.6, and 7.7) depict the scores obtained
from participants who completed the Usability Metric for User Experience (UMUX)
questionnaires. FEach illustration highlights both the mean (indicated by an 7X”)

and the distribution of scores.
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Figure 7.4: UMUX scores for all items
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Figure 7.5: UMUX scores for references
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Figure 7.6: UMUX scores for modes
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Figure 7.7: UMUX scores for Current vs New workflow

Table 7.10 and table 7.11 present the precise numeric values for each participant
across all items, as well as the mean.
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Table 7.10: Scores for participants(P) across A/B testing for references & modes

P Reference A Reference B Modes A Modes B
P1 87.5 91.67 87.5 51.17
P2 100 100 95.83 100
P3 75 91.67 29.17 87.5
P4 95.83 95.83 83.33 66.67
P5 95.83 87.5 100 100
Mean 90.83 93.33 79.16 81.06

Table 7.11: Scores for participants(P) across new & current workflow

P Current workflow New workflow
P1 83.33 91.67

P2 95.83 79.17

P3 87.5 58.33

P4 75 100

P5 95.83 70.83
Mean 87.49 80

These UMUX scores were evaluated using Bangor’s framework, as outlined in
section 4.7.7. According to the framework, a UMUX score above 50 is seen as OK,
a score above 70 is seen as good, a score of 85 or more is seen as excellent, and 100
is seen as best imaginable.

In table 7.10, the mean for all of the six versions can be seen. The scoring
shows that participants were generally very satisfied, with all of the items scoring
79 or above, meaning all items had good usability. A difference can be seen between
the items, where the two versions of References have the highest score with a score
above 85, indicating excellent usability. The two versions of Modes scored notably
lower than references, with a drop of around 10 points in comparison. The current
and new workflow has the highest spread between the scores, around 7 points. This
can be contrasted with around 2 points difference between the different versions for
both references and modes.

In figure 7.4 the distribution of values can be seen. Reference B is the one with the
smallest variation in values in total, and also the item that had the highest mean,
with a score of 93, indicating a very strong satisfaction. Modes A is the one with
the biggest variation of values.

7.3.1.1 Net Promoter Score of New workflow

Participants responded to the question How likely are you to recommend this new
version of Research Assistant to a friend or colleague? after conducting a series of
tasks in the new workflow. Four participants scored 10 out of 10 on this question
and is therefore considered promoters. One participant scored 8, and is therefore
consider a passive according to the Net Promoter Score, see section 4.3.2.
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7.3.2 Qualitative part

A thematic analysis was made from the transcriptions of all the user tests. The
themes seen in table 7.12 were found.

Table 7.12: Thematic analysis of user tests

Theme

Sub theme

Needs clear descriptions

Metrics (contextual relevancy & credi-
bility score)

How does selection of models or refer-
ence type affect the response

Color coding

Importance of information
structure

Reference accessibility

Organization and clarity
Interactive features
Visual differentiations
Content presentation

Personal judgment and ex-
perience

Users have created their own judgment
of what is considered trustworthy
Users want to make the final call in as-
sessing credibility instead of the algo-
rithm

An objective metric is preferred such as
peer reviewed (yes/no)

[tems are evaluated in terms
of perceived usefulness

Assesses in terms of utility, if utility is
low it is evaluated as unnecessary
Visual figure of the proportion of ref-
erences is nice to look at but doubts
whether useful

Participants questioned the utility and
time saved for pre-written prompts for
tasks

Reference type

Values visual

tions

representa-

Users are visual learners

Visual aids analysis, in terms of acces-
sibility and speed

Features that aid informa-
tion searching are beneficial

Features or visualizations that help dis-
crimination of internal information are
appreciated

Follow-up question is seen as a good
source of inspiration
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7.4 Important factors

Designing a conversational agent for internal company use, with scientists as the
user group, requires several factors to consider. The following factors have been
identified by conducting a survey, interviews, and user tests, divided into six different
categories. The factors are important for influencing user satisfaction and directly
address the research question.

7.4.1 Research Foundations

A factor to consider when designing conversational agents is the research foundations,
see table 7.13. The mental models of the users should be considered, which relates
to the usability principles by Norman, see section 3.7.1.1. The other aspect is to
offer a visual alternative during design research, to elicit the participants’ feedback,
which were found during the thematic analysis of the interviews, see section 6.4.2.

Table 7.13: Research Foundations

1 Research Foundations

1.1 Consider the experts’ mental model

1.2 Offer visual aids to elicit participant feedback dur-
ing design research

7.4.2 Trust

Trust is a factor that was found to be important. For conversational agents made for
internal company use, the trust is affected by the references, where the information
is published and if it is internal or external, see table 7.14. Trust was mentioned
during the interviews, where it was explained how the users use references to
increase the trust for the answer, as well as how they trust Al in general, see section
6.4.2.

The interviews showed that all participants use the references to evaluate the
quality of the response, see section 6.4.2. It was also brought up during the
interviews that some publications are considered less reliable. The opportunity to
distinguish internal and external data was also found to be appreciated during the
interviews and was confirmed as an important aspect during the user tests, where
positive feedback of the color coding was mentioned, see section 7.3 and table 7.12.

Table 7.14: Trust

2 Trust

2.1 Offer references for all information

2.2 Clarify the source of the publication

2.3 Facilitate how to distinguish between internal and
external data
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7.4.3 Usability

Usability is an important factor to consider, to ensure that the application can be
used with effectiveness, efficiency, and satisfaction, see section 3.7.1. This factor
consists of five aspects, seen in table 7.15. It should use a visual hierarchy of ele-
ments and information, which is based on the theory of hierarchy, see section 3.7.3.2.
During the interviews, it was found that several users consider themselves to be vi-
sual learners, expressing the need for visual responses from the application, which
is why incorporation for a visual response was included as an aspect, see section
6.4.2. That was also confirmed during the thematic analysis of the qualitative part
of the user tests, see table 7.12. It was found during the survey, see section 7.1,
that time saving is important for the user, which during the interviews, see section
6.4.2, was found to be connected to ease of use. The interviews also showed that
too many functions could create confusion and ineffectiveness, leading to the aspect
of ensuring a clean interface.

Table 7.15: Usability

3 Usability

3.1 Set visual hierarchy between elements

3.2 Incorporate visual response when possible, to aid
understanding and learning

3.3 Prioritize ease of use

3.4 Ensure a clean interface

7.4.4 Time Efficiency

Connected to the usability and its effectiveness, time efficiency is a factor, see table
7.16. This factor is about easing the daily work and the users’ workflow, by cutting
down the manual work that is needed. To achieve this goal, the application should
only have a few functions to minimize the learning curve. The first time that time
efficiency was brought to attention was in the survey, see section 7.1. Speeding up
the users’ workflow and cutting down on manual work were confirmed during the
interviews, see section 6.4.2. It was also brought up during the interviews that too
many functions or settings made the users overwhelmed, and that the users preferred
to only have a few functions, with the purpose to give responses and information
efficiently.

Table 7.16: Time Efficiency

4 Time Efficiency

4.1 Ensure the application accelerates the users’ work-
flow

4.2 Integrate only the most essential functions
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7.4.5 Transparency

The transparency category is about explaining how different selections and functions
affect the response, see table 7.17. During the user tests, were the user compared
solutions with A /B-testing, the participants mentioned how they got confused with
how different selections and settings would affect the response, see section 7.3, lead-
ing to the aspect of providing explanations for it. During the survey, see section 7.1,
several participants described how they do not understand what data, functions, or
capabilities that the applications has, leading to the aspect of explaining limitations.
This was also confirmed during the interviews, see section 6.4.2.

5 Transparency

5.1 Provide explanations to how selections affect the
response

5.2 Use clear communication and explain the limita-
tions of the application for enhanced understand-
ing

Table 7.17: Transparency

7.4.6 Engagement

Engagement is a factor to consider for conversational agents, which is about making
the user want to use the application, see table 7.18. It includes having follow-
up questions as a source for inspiration for related topics and questions, and to
encourage the user to act on the response and use it for their work. The follow-up
questions were found as a need during the interviews, see section 6.4.2, and was
later confirmed to be appreciated during the user tests, see section 7.3. The follow-
up questions together with the copy-button that were tested during the user tests,
showed that the user got encouraged to make use of the response and to further
explore, which led to the aspect of encouraging to interact with the application.

Table 7.18: Engagement

6 Engagement
6.1 Offer follow-up questions
6.2 Encourage to interact with the application

7.4.7 Alignment and Integration of Important Factors

Important factors aligning with previous research

A few of the important factors outlined align with previous research, as described in
section 2.11. Trust has been identified as a crucial factor in earlier studies, a finding
that aligns with the insights presented in table 7.14. Similarly, effective communi-
cation regarding the capabilities of the conversational agent, as highlighted in prior
research, resonates with Use clear communication and explain the limitations of the
application for enhanced understanding outlined in table 7.17. Furthermore, past
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research indicates that productivity and efficiency play a significant role in user
adoption, echoing the aspect FEnsure the application accelerates the users workflow
in table 7.16.

Integrated important factors

One of the main benefits and primary reasons for using Research Assistant, as
identified in sections 6.4.2 and 7.1, is its ability to accelerate users workflow.
Achieving this benefit relies on the integration of several important factors factors:
for example, the aspect Integrate only the most essential functions (see table 7.16)
works in conjunction with Prioritize ease of use and Ensure a clean interface (both
in table 7.15). These interconnected aspects collectively contribute to streamlined
time efficiency and enhanced usability, which are important for influencing user
satisfaction, addressing the research question.

7.5 Design

The final design is a high-fidelity interactive prototype created in Figma. The Re-
search Assistant is a specialized, conversational Al tool designed to ease and enhance
the daily workflow and research activities of scientists. The prototype, in line with
the factors above, is based on the survey, interviews, user tests, and design theory.

7.5.1 Rationale for new features added
The following features have been added in the design:

Side-by-side view of references

Relates to important factor: Usability. 3.3: Prioritize ease of use.

From the results of the interviews, see section 7.4, it was discovered that the display
of references was an area of improvement. The workflow of reviewing references
entailed forcing the user to scroll multiple times up and down, since the references
were displayed below the text response from Research Assistant. This put some
cognitive load on the user to remember both the information and the reference it
related to, as participant 8 said "Normally you'll see everything at the bottom and
then you're like, OK, I have to click through this. What did this relate to again?
Because one is at the top, one is at the bottom” This was solved by creating
a side-by-side view of references, see figure 7.21. With a side-by-side view, the
references can be reviewed simultaneously as reading, which makes use of available
side space but most and foremost was hypothesized to alleviate working memory
(see section 3.4) and short-term memory (see section 3.4.1) by reducing cognitive
load (see section 3.3) and makes use of the side space. The side-by-side view of
references can be seen in figure 7.8
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Which antiemetics are known to have minimal effects on QT prolongation suitable for TQT studies?

For TQT (Thorough QT) studies, it's crucial to select antiemetics that have minimal effects on QT

prolengation to avoid confounding the results. Based on the available information, here are some

antiemetics that are generally considered to have minimal effects on QT prolongation:

1. Palonosetron: This is a 5-HT3 antagonist that has been shown to have minimal impact on the QT
interval. (1

2. Dexamethasone: As a corticosteroid used for its antiemetic properties, particularly in
chemotherapy-induced nausea, dexamethasone does not appear to significantly affect the QT
interval. (1

3. Scopolamine: Commaonly used for motion sickness, scopolamine is another option that does not
significantly prolong the QT interval. (1

It's important to note that while these drugs are generally safer in terms of QT prolongation,
individual patient factors such as existing heart conditions, electrolyte imbalances, or concurrent
medications that affect the QT interval should also be considered to ensure safety.

For more detailed information on the effects of various antiemetics on the QT interval, you can
refer to the following resources:

33%
67%
@ Internal
® External

1 InPharmD. (n.d.). O
What is an appropriate antiemetic for an elderly patient with a risk
of QT prolongation?.
https://inpharmd.com/inquiries/251a513f02f56f51d7a8efd8c748
8c932bd2e9a3fdf427e3f47406244f2925a

Peer reviewed Credibility score Contextual Relevancy

Low
Abstract
@ AstraZeneca. (2025). [)

Safety, tolerability, and pharmacokinetics of AZD1775 (Adavosertib)
plus MEDI4736 (Durvalumab).

https://clinicaltrials.gov/study/NCT02617277

+ Safety, tolerability, and pharmacokinetics of AZD1775 Q
* Antiemetic drugs: what to prescribe and when - PMC3 (3

Peer reviewed Credibility score Contextual Relevancy

These sources provide comprehensive reviews of different antiemetics, their mechanisms, and their High
effects on the QT interval, which could be highly beneficial for designing and conducting TQT
" Abstract ~

studies.

9 3 BioRxiv. (2025). )
[N Prescribing guidelines for antiemetic medications.

N thin https://clinicaltrials.gov/study/NCT02617277
Ask anything
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®

Figure 7.8: Display of references

Information structure of references

Relates to important factor: Trust. 2.2: Clarify the source of the publication &
Usability. 3.1: Set visual hierarchy between elements.

Additional improvements for the display of references was the information structure.
During the interviews, it was noted that it took time for the users to identify the
most important aspects, such as origin and year of journal affects trust with the
users. Solution to this was to make use of visual hierarchy. Examples of this was
to use another font and larger text size to indicate the most important parts, and
icons for the user to quickly be able to scan assessment of references. Can be seen
above in figure 7.8.

Color coded references

Relates to important factor:
internal and external data.

The interview results, see table 7.8 revealed that users perceive internal references
as more trustworthy than external ones. To access the credibility of a reference
is something users do daily, but since internal references have inherent trust with
users, internal references require less thorough examination and ultimately saving
users time. However, one of the pain points was that it was hard to differentiate
internal and external data in the application, see 7.4. To make it easier for the user
to distinguish between internal and external references, color coding was applied
to indicate whether the reference is internal or external, see figure 7.21. Internal

Trust. 2.3: Fuacilitate how to distinguish between
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references are marked with company’s internal color mulberry, while the rest of
the references are marked with gray. The trusted internal sources’ mulberry color
creates a contrast against the gray references, allowing users to easily identify them
and save time by requiring less thorough examination, thereby including the effect
of saliency, see section 3.7.3.4. Can be seen above in figure 7.8.

Metrics

Relates to important factor: Usability. 3.3: Prioritize ease of use & Time Efficiency.
4.1 Ensure the application accelerates the users workflow.

Metrics was added in one of the versions of references. The interview results, see
section 6.4.2, showed that it was essential for the users to verify that the reference
is reliable and the information is accurate, for them to be able to trust the output
from Research Assistant. Since the user reviews multiple of references every day, it
was seen as an important area to explore if it could be improved in order to improve
their workflow with the application. Different solutions were discussed in how to
alleviate and streamline the workflow of how the user review references and assess
them to be credible. The idea of metrics that assess the references was formed, to
push some of the work to the algorithm instead of on the user. The metric peer
reviewed (Yes/No), credibility score (1-10), and contextual relevancy (Low, Medium,
High) were created, see figure 7.9.

0

“

33%
67%
Which antiemetics are known to have minimal effects on QT prolongation suitable for TQT studies? . Internal
@ External
)

For TQT (Thorough QT) studies, it's crucial to select antiemetics that have minimal effects on QT
. prolongation to avoid confounding the results. Based on the available information, here are some

-

InPharmD. (n.d.). ©

What is an appropriate antiemetic for an elderly patient with a risk

antiemetics that are generally considered to have minimal effects on QT prolongation:
1. Palonosetron: This is a 5-HT3 antagonist that has been shown to have minimal impact on the QT

. interval. (1 of QT prolongation?.
° 2, Dexamethasone: As a corticosteroid used for its antiemetic properties, particularly in https://inpharmd.com/inquiries/251a513f02f56f51d7a8efd8c748
chemotherapy-induced nausea, dexamethasone does not appear to significantly affect the QT 8c932bd2ea3fdf427¢3f4740624412925a
interval. (1
3. Scopolamine: Commonly used for motion sickness, scopolamine is another option that does not Peer reviewed Credibility score Contextual Relevancy
significantly prolong the QT interval. (1 Low
Abstract

It's important to note that while these drugs are generally safer in terms of QT prolongation,
individual patient factors such as existing heart conditions, electrolyte imbalances, or concurrent
medications that affect the QT interval should alse be considered to ensure safety.

For more detailed information on the effects of various antiemetics on the QT interval, you can © AstraZeneca. (2025). )
Safety, tolerability, and pharmacokinetics of AZD1775 (Adavosertib)

plus MEDI4736 (Durvalumab).

refer to the following resources:

+ Safety, tolerability, and pharmacokinetics of AZD1775 @ httpsi//clinicaltrials.gov/study/NCT02617277
+ Antiemetic drugs: what to prescribe and when - PMC3 (@
Peer reviewed Credibility score Contextual Relevancy
These sources provide comprehensive reviews of different antiemetics, their mechanisms, and their (©) ® High
effects on the QT interval, which could be highly beneficial for designing and conducting TQT
studies. Abstract

w

n BioRxiv. (2025). O
£ Prescribing guidelines for antiemetic medications.

https://clinicaltrials.gov/study/NCT02617277

Ask anything...

o Peer reviewed Credibility score Contextual Relevancy
Medium

Text-to-Text ~ Reference type A~ <
Abstract v

@

Figure 7.9: Metrics

Models replacing modes
Relates to important factor: Time Efficiency. 4.1: Ensure the application acceler-
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ates the users workflow.

Modes was a previous solution in the interface to tailor the type of response in
terms of phrasing the user could receive in the application, see section 6.2.1 and
figure 6.1. However, from the results of the survey it became clear that this function
is an area that could be improved. The survey results, see section 7.1, revealed that
it was only 50% of the respondents that used the modes, 31% did not understand
the modes and 19% responded that they did not need the them.

From the interview results and the low fidelity user testing, it was discovered
that participants did typically not switch between the modes - they were strong
advocates for the one mode they used. Moreover, the factual mode was the
primary one used whereas the creative mode was not used at all. Since partici-
pants mainly only used one mode, it was decided to remove modes from the interface.

Additionally, it was discovered that Research assistant is an application used
in several different types of subjects and the tasks can therefore differ, even
though the primary usage is information gathering. It can be used for tasks such
as providing summaries, interpreting a particular dataset, or coding. The idea
of models were formed where the user could select how the response should be
presented to fit their specific task better. It was thought that users would gain more
benefit from tailoring the response in terms of data, beyond just the specific phras-
ing and what sources it references, which was the former case for the modes solution.

The new design solution of the added function models can be seen in figure
7.10.

75



7. Results

V4
9 Welcome to
. Research Assistant
: AstraZeneca's Al assistant for biomedical research
L]
Text-to-text
Tran: ms inpuf
Text-to-Image
Ger d I i
Image-to-Text
fror
Text-to-Code in a TQT study?
o
Text-to-Text ~ Reference type ~ =
@

Figure 7.10: Model type

Reference type

Relates to important factor: Time Efficiency. 4.1: Ensure the application acceler-
ates the users workflow.

As mentioned previously, from the survey and the interview results, (see sections
7.1 and 7.2), it was discovered that Research Assistant has a lot of users from dif-
ferent departments that use the application for various different tasks and different
topics. Therefore, which type of information that needs to be retrieved can vary
significantly. Therefore, it was theorized that it could be useful to tailor the re-
sponse towards your specific needs. With selection of reference type, the user can
select what kind of data points they want the conversational agent to search for.
Furthermore, considering the ethics of the environmental aspect, see section 3.8.2,
if only searching for a specific type of data point, the amount of electricity needed
to conduct the search should be lower, than if all data points are used. Therefore,
the ability for the user to select which reference type the Research Assistant should
gather was deployed, see figure 7.11.
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Figure 7.11: Reference type

Visual response

Relates to important factor: Usability. 3.2: Incorporate visual response when possi-
ble, to aid understanding and learning.

All of the participants from the interviews said that they appreciated the ability to
have a visual alternative. "I would love instead of only getting text. Also to get
images of that, for example, that metabolic pathway... Im a visual learner” (Partic-
ipant 4). "I don’t know if it would be possible to have like a graphic mode, so to
get your answer in some sort of mind map kind of thing, that would be really cool”
(Participant 6). "I like to see a visualization of a path as a visual learner myself,
words can sometimes get confusing for me, so I like to see pictures, so like, oh, X
interacts with this and it does not like this, like kind of visual things” (Participant
8). Therefore, it was decided to add a visual alternative as a way of visualizing the
response. The visual response can be seen in figure 7.12
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Figure 7.12: Visual response

Information button

Relates to important factor: Transparency. 5.2: Use clear communication and ex-
plain the limitations of the application for enhanced understanding.

From the survey results, see section 7.1, many users reported that a major pain
point was not having access to literature they knew existed, and the same phenom-
ena could be observed during the interviews, see table 7.4. This is a data integration
problem, but the user experience was theorized to be improved if the user could be
better informed about the limitations of the Research Assistant. In the current solu-
tion, information was scattered around in several different places in the application.
To solve this problem, an information button was incorporated in the design where
the user could find information about the capabilities, limitations and risks of the
application, see figure 7.13. In the limitation tab the user is informed of exactly
when the different type of reference sources are updated, to avoid frustration from
the user why they can not access certain information. By giving all buttons a sim-
ilar design, the user can easily identify them and understand how to interact with
it, which incorporates the usability principle affordance, see section 3.7.1.1. It also
incorporates signifiers, since the user can understand where actions take place, see
section 3.7.1.1.
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Figure 7.13: Information pop-up

Follow-up questions

Relates to important factor: Engagement. 6.1: Offer follow-up questions.

Research assistant is among others used to explore and understand targets, and
investigate new angles to a subject, see table 7.1. To enhance and improve this
workflow, follow-up questions related to the prompt was integrated. The purpose
was to give the user a helpful source of inspiration, when providing suggestions of
aspects to look further into. The follow up questions can be seen in figure 7.14
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£l

Ask anything..

Text-to-Text ~ Reference type ~ =

Figure 7.14: Follow-up questions function

Copy Reference
Relates to important factor: Time Efficiency. 4.1:Ensure the application accelerates

the users workflow.

To reference to different sources and references is a common task that the users
perform daily. It was found to be a need during the interviews to be able to copy
the references, in order to save time and avoid doing it manually. The decision to
implement a copy reference function was straightforward, since that is a task many
users do manually each time they use the application and therefore has a large
probability that the majority of users would find useful. The copy reference can be

seen in figure 7.15.
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3 BioRxiv. (2025). [
Prescribing guidelines for antiemetic medications.
https://clinicaltrials.gov/study/NCT02617277

Peer reviewed Credibility score Contextual Relevancy
® @ Medium
Abstract -~

Figure 7.15: Copy reference

Add Attachment

Relates to important factor: Time Efficiency. 4.1:Ensure the application accelerates
the users workflow.

Another need that was expressed in the interviews was the ability to add attach-
ments. Common tasks of Research Assistant were to provide summaries of internal
material, to provide presentation material and data presented in forms of Excel,
where users expressed that a lot of time could be saved if the option to attach their
own file was available. Lastly, with the rationale that this function already exists in
another internal application and therefore the technology is ready and available, it
was decided to include this feature. can be seen in figure 7.16.

Ask anything...

Text-to-Text ~ Reference type ~

;

Figure 7.16: Add attachment

7.5.2 Rationale for design choices
The following design choices have been made:
Color palette

Mulberry was chosen to use as a accent color as it is one of the two colors
representing the company’s brand identity and the aim was to align with this
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identity. The company has many diverse applications, where another internally
used application, also a conversational agent, uses this type of mulberry color. By
sharing a similar design language in terms of the colors, it was hypothesized to
create a sense of unity. It also incorporates consistency between internally used
applications, see section 3.7.1.1, as well as takes the users’ mental model into con-
sideration, by adapting the interface to what the users are used to, see section 3.7.1.1.

Gray color is used to indicate external references. Gray is often used to indi-
cate inactive parts, however, since the current interface has gray references, it was
argued that the mental model of the user is that they have learned to associate
gray with active references. Other colors that is used is black and white. A white
background with a black text font was used to create a contrast that ensures the
best readability for the user.

To avoid overwhelming the user, it was decided to not add in additional col-
ors. Research Assistant is an application that has users that use it for short
durations of time daily, and for these users the usage of several different colors in
the interface could mean too many impressions, and thereby become overwhelming.

The idea with different color behind the metrics for the credibility score was
that the users can go through the references and with the help of colors quickly
be able to scan through multiple references and determine which references are
the most credible. The colors used to creating the metrics for the credibility score
has been tested with the help of a plug-in in Figma called Colorblind. To meet
accessibility standards, the contrast ratio between text and background should be
at least 4.5:1 [74]. The different gradients ensure that people with color deficits are
able to distinguish between the three colors as well, and with the numeric value
serves as an addition to ensure a correct assessment.

Text size and typography

The text size used was determined by internal standards set by the department, to
be able to align with rest of the company’s design language. For the body text,
size 13, 15 and 17 were used, and size 33 was used for headings. The text sizes
where set to create a clear visual hierarchy of the information, referring to the
important usability factor in table 7.15. The text font was also determined by
internal standards set by the department, Noto Sans. Noto Sans was used across
the full interface, to ensure consistency, see section 3.7.1.1. The only exception is
in the A/B testing for Reference B, where the title of the journal is written with
font Lexia for the user to easier differentiate the name of the journal, which is a
font that is also used by the company.

Icons

Icons are visual objects that can be processed multiple times faster than regular text
and is less prone to errors [75]. The icons included in this interface were selected
because they are standard representations for specific functions, and therefore well
known by the standard user. Icons can also communicate the action behind the
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object more space efficiently than regular text.

7.5.3 Overview of Interface Functionality

The prototype were done based on the important factors, to reflect and show a
visual representation of what the important factors could lead to. The design of the
prototype aligns with the purpose of the conducted research, as well as the research
question.

The design features a homepage, seen in figure 7.17. To the left is a side
bar, that opens up to give the user more information about the functions. The
opened side bar can be seen in figure 7.18. In the side bar, Profile, New Chat,
History, and Information can be found. The icons are used to make it possible
to minimize the side bar. When opening the side bar, the text is added to give
the user more information about the functions, as well as summarized titles of the
recent history.

By focusing on a few important functions, the user can quickly write a prompt
and receive an answer, which incorporates the important factor time efficiency, see
table 7.16. It also creates a clear transient posture of the application, by making
it clear in its communication and focusing on important tasks, see section 3.7.3.1.
By having the side bar closed in the homepage, the user can focus on the text box,
which signifies that there is where the actions take place, which is an example of
use of a signifier, see section 3.7.1.1.
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0
4
) Welcome to
. Research Assistant
: AstraZeneca's Al assistant for biomedical research
Ask anything...
1]
Text-to-Text A~  Referencetype ~ =
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Figure 7.17: Homepage of new Research Assistant
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0
& New Chat

D History Welcome to

® Andemetics QT prolongation Research Assistant

® Antiemetic medication TQT . . .
. AstraZeneca's Al assistant for biomedical research
# IL6 reduction with ziltivekimab

e Exvivo LPS and cytokine IL6

Text-to-Text ~ Reference type ~ +

)
)

Figure 7.18: Side panel

The text box in the middle consists of Models, Reference type, an Attachment
button and an avatar, see figure 7.17. The avatar was incorporated to fit with
a long-term vision for the department. From the insights, it was clear that the
possibility to use visuals was wanted, some mentioned being able to get help with
coding, and all interview participants described the need to write prompts quick
and receiving a response. Therefore, four models were included, seen in figure 7.19a.
They all have descriptions, since one of the pain points included not understanding
all functions in the application.

In figure 7.19b, five reference types with descriptions can be seen. The alter-
natives were chosen from a list of knowledge sources that the application uses
today, but currently without the option for the user to choose which ones to use.
By working with a size and color difference of the models and the descriptions, a
visual hierarchy is set, see section 3.7.3.2.
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Text-to-text
Text-to-Image
Image-to-Text

Text-to-Code in a TQT study?

Text-to-Text ~ Reference type ~ A
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Figure 7.19: Models and Reference type functions
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In figure 7.20, follow-up questions can be seen. The function is a drop-down menu,
to allow for the user to see and use the function if wanted, while minimizing the risk
of making the user overwhelmed with information if not wanting to use it, following
the details-on-demand principle, see section 3.7.3.3. The follow-up questions are
based on the prompt, to let the user know what other similar prompts are common
when searching for a specific topic, providing a way of letting the user aware of
important topic aspects.

a ©

% chematherapy-induced nausea, dexamethasone does not appear to significantly affect the QT
interval. 11
3. Scopolamine: Commonly used for motion sickness, scopolamine is another option that does not
0] significantly prolong the QT interval. (1
. It's important to note that while these drugs are generally safer in terms of QT prolongation,

individual patient factors such as existing heart conditions, electrolyte imbalances, or concurrent
medications that affect the QT interval should also be considered to ensure safety.
L]

For more detailed information on the effects of various antiemetics on the QT interval, you can

. refer to the following resources:

+ safety, tolerability, and pharmacokinetics of AZD1775 @
« Antiemetic drugs: what to prescribe and when - PMC3 (3

These sources provide comprehensive reviews of different antiemetics, their mechanisms, and their
effects on the QT interval, which could be highly beneficial for designing and conducting TQT

studies,
Follow-up questions N
Can you list the antiemetics commonly used in TQT studies that specifically menitor QT intervals? _
How do these antiemetics compare in terms of efficacy and safety in clinical trial results? —_
Are there any specific conditions where these antiemetics are particularly effective or contraindicated? .
What do say about these anti 2] .
Ask anything
o
Text-to-Text ~ Reference type ~ =t

Figure 7.20: Follow-up questions function

When receiving a response, a references-button can be seen in the upper corner
the right (the book icon), see figure 7.20. When clicking on it, or by clicking on
one of the reference numbers in the response text, the references panel is opened
in a side-by-side view, see figure 7.21. With a side-by-side view, the references
can be reviewed simultaneously as reading, which makes use of available side
space but most and foremost was hypothesized to alleviate working memory (see
section 3.4 and 3.4.1) by reducing cognitive load (see section 3.3). The different
text sizes, use of bold, and colors are used to create a clear visual hierarchy (see
section 3.7.3.2), which incorporates the important factor usability seen in table 7.15.

The visual graph enables the users to get a fast overview of the range of ex-
ternal and internal references. The color indicates if the reference is internal or
external, and the function was added because the users trust internal sources to a
larger extent than external. The trusted internal sources "pop”, allowing users to
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easily identify them and save time by requiring less thorough examination, thereby
including the effect of saliency, see section 3.7.3.4.

A copy-button for the references can also be seen, which was added because
the users often copies references to paste in other documents and the copy-function
ensures that the reference is in the correct format.

Adding the abstract in the references streamlines workflow by reducing the
need to open multiple windows. By adding the abstract as a drop-down, the
details-on-demand principle is added (see section 3.7.3.3), which allows for the user
to get more information if wanted but without cluttering the overview.

The metrics "Peer reviewed”, ”Credibility score”, and ”Contextual relevancy”

were added to increase trust of the references.

@

Which antiemetics are known to have minimal effects on QT prolongation suitable for TQT studies?

For TQT (Thorough QT) studies, it's crucial to select antiemetics that have minimal effects on QT

prolengation to avoid confounding the results. Based on the available information, here are some

antiemetics that are generally considered to have minimal effects on QT prolongation:

1. Palonosetron: This is a 5-HT3 antagonist that has been shown to have minimal impact on the QT
interval. (1

2. Dexamethasone: As a corticosteroid used for its antiemetic properties, particularly in
chemotherapy-induced nausea, dexamethasone does not appear to significantly affect the QT
interval. (1

3. Scopolamine: Commaonly used for motion sickness, scopolamine is another option that does not
significantly prolong the QT interval. (1

It's important to note that while these drugs are generally safer in terms of QT prolongation,
individual patient factors such as existing heart conditions, electrolyte imbalances, or concurrent
medications that affect the QT interval should also be considered to ensure safety.

For more detailed information on the effects of various antiemetics on the QT interval, you can

refer to the following resources:

+ Safety, tolerability, and pharmacokinetics of AZD1775 @
* Antiemetic drugs: what to prescribe and when - PMC3 (3

These sources provide comprehensive reviews of different antiemetics, their mechanisms, and their
effects on the QT interval, which could be highly beneficial for designing and conducting TQT
studies.

anything

Text-to-Text A~ Reference type ~ S

33%
67%
@ Internal
@ External

1 InPharmD. (n.d.). O
What is an appropriate antiemetic for an elderly patient with a risk
of QT prolongation?.
https://inpharmd.com/inquiries/251a513f02f56f51d7a8efd8c748
8c932bd2e9a3fdf427e3f47406244f2925a

Peer reviewed Credibility score Contextual Relevancy

Low

Abstract

@ AstraZeneca. (2025). [)
Safety, tolerability, and pharmacokinetics of AZD1775 (Adavosertib)
plus MEDI4736 (Durvalumab).
https://clinicaltrials.gov/study/NCT02617277

Peer reviewed Credibility score Contextual Relevancy

High

Abstract

w

BioRxiv. (2025). [
Prescribing guidelines for antiemetic medications.
https://clinicaltrials.gow/study/NCT02617277

Peer reviewed Credibility score Contextual Relevancy

Medium

Abstract

Figure 7.21: References panel

To gather all information about the application in one place, an information pop-
up was added, which can be found in the side bar, see figure 7.22. The users
were confused about where to find information, since there is information about the
application and messages in five different places, making it hard for the user to find
it and read it all.
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Which antiemetics are known to have minimal effects on QT prolongation suitable for TQT studies?

For TQT (Thorough QT) studies, it's crucial to select antiemetics that have minimal effects on QT
prolongation to avoid confounding the results. Based on the available information, here are some
antiemetics that are generally considered to have minimal effects on QT prolongation:

1. Palonosetron: This is a 5-HT3 antagonist that has been shown to have minimal impact on the QT

interval,

2. Dexame 1
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individualp + Guarantee that answers are always 100% correct ncurrent
medication:

Formoredi  [nformation is updated: [etiican
refertothe . web search: updated in real time

« Internal Literature Search: updated monthly
* Safety,t . Internal graph search: updated quarterly
* Antieme . Compound Search: synced with CAG Explorer, and continuously
updated by the A-DMTA platform

These sourt .+ ClinicalTrials.gov: updated in real time ns, and their
effects on t 3TQT
studies.

Text-to-Text ~ Reference type ~ ®

Figure 7.22: Information pop-up
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Discussion

This chapter discusses the project’s theory, results, process, ethical considerations,
and future work.

8.1 Theory

Computers are social actors, CASA, and anthropomorphism are two theories that
was initially discussed that could potentially have an impact on our work. These
are theories that concern how people interact with objects, (see section 3.5). The
theories was hypothesized that they could have an impact in how the communi-
cation, interaction, and dialogue with the user were phrased. From the interview
results, it was discovered that two participants had opposing views in how to
interact with Research Assistant (see table 7.6) whereas the rest of the interviewees
did not mention the communication at all. This variation in perspectives highlights
the complexity of designing a conversational agent that addresses different user
preferences. There was discussions concerning whether to integrate personalization
in the application, that users would be able to choose the type of tone Research
Assistant should communicate in, to be more human-like or to be more robot-like
depending on preference. This idea was, however, abandoned due to modes and
references were seen as more important focus points, and personalization of tone was
abandoned. Furthermore, the decision was also influenced by technical limitations
in what possibilities there was to prototype and test different conversations with
the participants. However, it is worth to mention that questions concerning the
tone of Research Assistant were lacking in both the survey and the interviews, but
that two participants still talked about this could indicate that this is an area that
has been overlooked.

The Technology Acceptance Model (TAM) (see section 3.6.1), and The Task
Technology Fit theory, TTF (see section 3.6.2), are two theories that concerns the
prediction of user acceptance in regards to technology. These theories has been
taken into consideration when designing the user tests. The Usability Metric for
User Experience (UMUX) questionnaire aligns with TAM since it is covering two
critical aspects of the model, ease of use and usefulness. In the A/B testing, the
user had to conduct the same task in different interfaces and afterwards fill out
the UMUX questionnaire. In this way, the fit between the technology (interface)
and the user tasks are evaluated, since the interface is assessed after each task with
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the UMUX. The theories were useful for providing a framework of aspects, such as
evaluation of ease of use in order to measure user satisfaction.

Cognitive load theory (see section 3.3) was a useful theory when different de-
sign solutions were ideated and visualized. It was a useful framework when
discussing the design solutions, in order to be able to determine which solution
would reduce cognitive load and hypothesized to be better.

8.2 Process

The process of the thesis will be discussed below, in terms of the utility and results
of the methods used.

8.2.1 Survey

The survey was accessible on internal channels to 9 000 people, where 54 responses
were recorded. This is a low response rate of 0.6% participation. However, there
was no way to confirm whether the survey was actually viewed by all 9,000 intended
recipients. It is possible that the survey did not reach the entire group, which could
explain the unusually low response rate. With a higher response rate, the results of
the survey could have been more generalizable.

Some of the questions in the survey were not mandatory to answer, which
was decided to avoid forcing the participants to answer something that was not
considered relevant to them. However, it led to some questions not being answered
by as many participants as wanted. If the survey was to be redone, all questions
could be made mandatory to ensure that more answers and insights could be
collected. It would also make it easier to compare the quantitative questions results
from the survey with the later evaluations of other used methods. Making all
questions mandatory could however force the participant to answer a question they
do not understand, or choose an alternative that they do not agree with, which
would make the results inaccurate.

8.2.2 Interviews

The interviews were a fruitful source to gather rich data. The survey served as an
initial overview, but to get beyond the surface, a deeper and more thorough inves-
tigation was needed. All the participants that were interviewed were very positive
regarding Research Assistant. Therefore, it was necessary to prompt the participants
a bit to get beyond the initial user satisfaction and to find areas of improvement.
Thus, the method of interviewing was fruitful in the exploration phase since the
ability to further prompt the participant to explain their answers was available.
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8.2.3 User Testing

In contrast with the interviews, the ability to prompt the user further was something
that vanished during the user testing due to time limits. For the users to conduct all
of the six tasks, fill out a questionnaire after each task and respond on two or three
questions, was all the time that was available. Therefore, the qualitative insights
from the user testing were not as rich compared with the in-depth interviews, but
did provide an initial ground to explore further.

8.2.4 Usability Metrics for User Experience

The utility of Usability Metrics for User Experience (UMUX) was good in terms
of providing a quantitative way to asses the usability. It was noted in the inter-
views that all participants were very positive. UMUX provided a numeric value for
their satisfaction, which offers a clearer comparison than words alone, as individual
expressions of satisfaction can vary considerably. UMUX also provided a bench-
mark against industry standards of their ratings, that validated their satisfaction.
A disadvantage of using UMUX was that it was a bit limited, including that the
measurements did not reveal any new insights or areas of improvement.

8.2.5 The result of the user tests

The user tests and use of UMUX confirmed that the participants consistently rate
very positively, which consequently affects the result. The mean for the current
workflow, the interface that is in use today, scored 87, which is seen as excellent
according to Bangorts framework, see table 7.7.

The high scores may hide minor issues that users have not articulated during
testing, or needs that users did not explicitly ask for but still find valuable. This
was a phenomena that was observed during the interviews, where participants
stated their overall satisfaction over RA. However, when examples were shown that
displayed other design solutions than the current one, all participants found the
new design solution to be better than the current one. The high scores may also
indicate complacency, as one user said during one of the interviews: ”Certain things
which might be improved, but, you know, it’s already a luxury”(Participant 1).

Although all participants were in general very positive, participant 2 in user
test stood out. Participant 2 scored 100, also known as best imaginable on three
versions, indicating a very high satisfaction.

Participant 3 scored a score of 29 in modes A, which is far below OK. The
reason for the low score seems to be due to lack of understanding how it should be
used. "I don’t know how I would use this to Be honest. Now. I got confused about
these options. I didn’t like them much” (Participant 3).

Reference B is the one with the smallest variation in values, whereas Modes
A is the one with the biggest variation of values seen in figure 7.4. Reference B
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was the version with the highest mean, indicating users were very pleased with the
solution. In contrast, some users were very dissatisfied with Modes A (Participant
3) whereas Participant 5 scored 100. The difference might stem from personal
preferences when assessing the utility of altering the response and the need to
understand exactly how the selection would impact the response.

Reference B is the version with the highest mean, closely followed by Refer-
ence A. The users makes use of references whenever the user uses the application,
reviewing references and assessing whether the information and source is credible.
The design solution for references made use of the space on the side, displaying ref-
erences to the side, allowing the participant to review the references simultaneously
as reviewing the response from RA. This was probably the main cause for the high
satisfaction, since reviewing references on the side are theorized to reduce cognitive
load, off loading short term memory and enable more easily contextual recall.
When conducting the interviews, some other alternatives was also tested, to get
a direction of what we should focus further on. The results from those interviews
when presenting references to the side was "Brilliant. I love it. That’s exactly,
yeah, that solves the problem. That just solves the problem right there. That’s per-
fect” (Participant 3). The previous solution had references displayed after the full
response, forcing the user to go up and down multiple times to review the references.

The main difference between Reference A and B is that Reference B makes
more use of information hierarchy, guiding the user where to look by using different
font and larger text for the journal and year. This might also be the reason for why
alternative B scored higher on usability.

The user group

The user group of scientists that are experts within their fields, could primarily be
observed in their workflow. The users’ daily tasks require them to be very thorough,
which was observed during user testing, when participants quickly noticed any
scientific factual errors. In the interviews, but particularly in the user testing, it
became obvious that the user group of scientist needed clear descriptions for what
each function entailed to be able to feel that they trusted and wanted to utilize the
function. This might stem from that their work requires them to be very thorough,
which influences other areas they are in touch with.

8.2.6 A/B testing

A /B testing was a useful method as the focus was to explore wide, and this ap-
proach enabled us to explore different concepts and receive insights regarding which
overarching features and design solutions that resonates with the target audience.
However, the most prominent benefit with A/B testing was that the different ver-
sions gave the participants something to reflect upon, when they could compare pros
and cons between the different versions.
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8.2.7 Net Promoter Score

Net Promoter Score as a measurement was a good method to assess satisfaction
of RA for a wider audience. It also shows that there are users that are not as
satisfied as the participants we interviewed and conducted user tests with. In the
user testing, 80% of the participants were promoters and 20% were passives, and
no detractors. This can be contrasted with the survey, where 61% were promoters,
31% were passives and 8 % were detractors.

8.2.8 Factors to consider influencing the result

The users signed up voluntarily to participate in the different measurements. When
conducting the interviews, it was quickly realized that all participants were very
positive towards RA and the same phenomena could be observed during the user
testing. At the same time, the survey revealed that not all users were positive.
This could mean that participation in the interviews and user tests was somewhat
skewed and did not reflect all users. Social desirability bias see section 3.7.4) could
potentially account for the phenomenon observed. However, the fact that the
quantitative result of the current workflow in place in RA today scored a higher
mean than the new workflow, designed by the researchers, suggests that social
desirability bias have not influenced the outcome.

RA is created by an internal group at the company. If the same party would
conduct this type of evaluation, it could be that evaluation apprehension, see
section 3.7.5) would refrain participants from stating their true opinions (if nega-
tive) in fear of being perceived in a negative way. However, when an independent
party like the research setting for this project is evaluating the application, both
evaluation apprehension and social desirability bias should be avoided. The
researchers for this project are not responsible for the development of the applica-
tion, and therefore, should be a safe space for the participants to state their opinions.

Rather, the reason for the very positive users may be that the RA is a new
tool that has only been around for one year. Before RA, the users had to do
the information search more or less manually with the help of search engines like
Google. In comparison, utilizing a conversational agent where the search is tailored
exactly after your own words, definitely came with improvements. This may also
be one of the reasons why it was necessary to prompt the user a bit to reach areas
of improvement, to reach beyond their overarching opinion of satisfaction.

8.3 Limitations

That all the participants in the interview and user testing were very positive is
something that was taken into consideration that affects the result. It is hard to
argue that the result can be generalized for all users of the application, when the
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survey revealed that there are some participants that are not as satisfied as the
participants that participated in the interviews and the user testing.

There were efforts to reach out to more hesitant or negative participants as
well, but without success. Reasons for this can be discussed, it may be everything
from that is feels easier to provide good feedback than bad or that users who like
RA feels more engaged with the application and are more inclined to participate.

8.4 Ethical considerations

Ethical considerations of users

The methods of survey, interviews, and user testing led to a thorough ethical
consideration of participants’ privacy concerns. All participants received prior
information to ensure they were well informed and prepared for their participation.
All users were informed that their answers would be anonymized, about who the
data would be shared with (which was the project team), and that anonymized
data and opinions could be included in our thesis work. All participants in the
interviews and user tests consented to the use of their feedback and agreed to the
recording of the sessions for evaluation purposes.

Ethical considerations of improving a conversational agent

Trust was mentioned throughout the project, as it was an important factor
influencing users willingness to use the application. During this project, there have
been efforts in terms of design in how to increase the level of trust with users
of Research Assistant. Omne could reflect about the researchers responsibility in
increasing the level of trust. The science field require great rigor and a thorough
approach, as well as a critical mindset to critically reflect upon information to
provide accuracy. One might fear that if trust levels increase too much, it could
lead to danger by over-relying on a tool powered by artificial intelligence, which
could possibly be wrong. In that way, there is a responsibility in developing the
application to maintain the balance between trust and over-reliance when utilizing
the application.

8.5 Future work

For future work, it would be beneficial to include a larger amount participants to the
research to be able to generalize and validate the result. It would be particularly
useful to include more opinions from non-users, to understand their perspective
for not using the application. It would also be useful to be able to reach out to
participants with more negative opinions than the ones included in the interviews
and user tests, to get a different perspective. Furthermore, it would also be beneficial
to test Research Assistant several years forward, to see whether the user satisfaction
stays at the same high levels or decreases.
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Conclusion

The thesis aimed to investigate the design of conversational agents and explore
how they are used. The purpose was to identify areas of improvements on an
existing conversational agent, Research Assistant, as well as to detect which
factors that are beneficial for improvements of conversational agents, for an
increased value of the product. The project had the goal to address a gap in
previous studies, by targeting a specific user group, which were scientists using
a conversational agent for research purposes, internally and in a professional context.

The research question was:

1. What are important factors for designing conversational agents that influence
user satisfaction in the context of internal field-specific experts, and how can
these factors be realized?

The answer was found through a thorough investigation of the usage of the applica-
tion and its users, with several methods used to find insights and evaluate solutions.
Each chosen method was picked and adapted to the results of the previous method
used, as well as its evaluation. The survey created a broad overview of the usage
of the application, where critical aspects to investigate further were incorporated
in the interview. The in-depth interviews were evaluated with a thematic analysis,
resulting in a list of needs and explanations, as well as insight cards, that were used
to ideate and design the prototype. The prototype was then evaluated with user
testing, creating both quantitative and qualitative insights. The insights from all
methods were taken into consideration, to result in identified important factors. The
answer to the research question is thereby seen in table 9.1:
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9. Conclusion

No. Important factor

1 Research Foundations

1.1 Consider the experts’ mental model

19 Offer visual aids to elicit participant feedback during
’ design research

2 Trust

2.1 Offer references for all information

2.2 Clarify the source of the publication

93 Facilitate how to distinguish between internal and exter-
’ nal data

3 Usability

3.1 Set visual hierarchy between elements

3.9 Incorporate visual response when possible, to aid under-
’ standing and learning

3.3 Prioritize ease of use

3.4 Ensure a clean interface

4 Time Efficiency

4.1 Ensure the application accelerates the users’ workflow

4.2 Integrate only the most essential functions

5 Transparency

51 Provide explanations to how selections affect the re-

sponse

59 Use clear communication and explain the limitations of
’ the application for enhanced understanding

6 Engagement

6.1 Offer follow-up questions

6.2 Encourage interaction with the application

Table 9.1: The identified important factors

These are the important factors to consider when designing conversational agents,
that influence user satisfaction, in the context of internal field-specific experts. The
factors reflect the insights from the used methods, and can be seen visually realized
in the design of the prototype, which was a design influenced by theory, interview
results, user tests results, as well as the important factors.
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Appendix: Survey

INTRODUCTION
1. Gender
Woman

Man

Non-binary

Prefer not to say
Other [text]

2. Age
18-29
30-39
40-49
50-59
60+

3. Which department do you belong to? (e.g. IT)
4. What is your role?

Workflow

5. Do you use [RA]?

Yes Go to next question

No Go to section Not using [RA]

6. How often do you use [RA]?

Only tried once

1-5 times a month

1-5 times a week

Almost every day

7. For what tasks in your work do you use Research Assistant?

8. Rate how well you were able to use the Research Assistant on

I
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your first attempt.
Not at all 1-6 Very well

9. Do you use the chat history? (e.g. go back to previous search
queries, what you have searched before)

Yes

No

I dont know

10. Do you use the different modes (Factual/Balanced/Creative)?
(e.g. switching between the different modes)

Yes

No I dont need them

No I dont understand the modes

I dont understand the question

USER EXPERIENCE
11. What are your main benefits of using Research Assistant?
12. What are your main pain points of using Research Assistant?

13. Would you like to add any extra functions or personalization
in Research Assistant?

Yes Go to next question

No, its not needed Skip next question

14. What could the extra functions be? (You can add as many as
you would like)

INTERFACE

15. Rate the interface of [RA]

I find [RA] easy to use: Strongly disagree 1-6 Strongly agree

I am satisfied with my experience using Research Assistant: Strongly disagree 1-6
Strongly agree

IF NOT USING RA
16. What is the reason for not using [RA]?

I don’t have a need for this tool

I don’t see the value
I find the replies incorrect or insufficient
Other [text]

IT
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17. When in your work could you include Research Assistant?
FINAL NOTES

18. Do you use any of the following [department| tools? Check all
boxes that apply. If you do not use any of these tools, please proceed to
next question.

[Five application alternatives]

19. Do you use any other AI chatbots at work? Check all boxes
that apply. If you do not use any of these tools, please proceed to next
question.

[Two application alternatives + Other]

20. How likely are you to recommend Research Assistant to a col-
league? 1-10

21. Is there anything you would like to let us know?

22. Would you like to participate in a follow-up interview and
take the opportunity to influence the future development of Research
Assistant?

Yes

No

ITT
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Appendix: Email template
interviews

Subject: Invitation to 45-60 Minute Master Thesis Interview / Invitation to
Research Assistant Interview - Master Thesis Students

Hi [Name],

Thank you for responding to our master thesis survey about Research Assis-
tant. We will now be conducting interviews to gain a more in-depth understanding
of the usage of the application and its users and are therefore reaching out to you.

Interview details:

When: Please respond to this email with suggestions of suitable times for you
during 3rd—7th of March.

Duration: 45-60 minutes

Format: Teams meeting, conducted by one of us thesis students, either Sara
Borjesson or Karin Orn Andersson.

Recording: We kindly ask for your permission to record the session for analysis
purposes. The recording will be kept within the project group and used solely for
research purposes.

Screen sharing: We will also ask you to share your screen, to allow us to observe
your workflow with the application.

Before the interview:
Please prepare by opening Research Assistant and reflect on when during your
work you use the application.

Please let us know if you are totally occupied during 3rd-7th of March with
another suggested date, and we will do our best to accommodate your schedule. We
are very thankful for your contribution to our Master thesis and to the improvement
of the Research Assistant.

If you have any questions or concerns, feel free to reach out to us directly.
We are looking forward to the interview and to learn from your experiences.
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Appendix: Interview questions

INTRODUCTION
Hi and welcome [participants name]! How are you today?

My name is [name] and I am a thesis worker here at AstraZeneca. Together
with [Sara/Karin], I am doing my master thesis at Chalmers, at the master
Interaction Design. The purpose of our thesis is to explore and improve Research
Assistant, your answers will therefore contribute to the further development of the
application and the insights will be included in our thesis report. However, all
answers will be anonymized.

Today we want to understand your workflow, needs and potential pain points. Do
you have any questions before we begin?

Great! If it is okay, I would like to record this session so my colleagues and
I can review our discussions.

ROLE & WORK Please describe your role and work with a few sentences/with a
minute or two.

How long have you been in Pharma?

WORKFLOW
Describe your process when you use the Research Assistant. Please keep in mind
that I do not have a scientific background.

What happens next after you have received an answer from Research Assis-
tant?

What steps would you take if the Research Assistant doesn’t display informa-
tion you believe is available?

Has your way of working changed since starting using RA?

PROS & CONS
Describe your main benefits/pain points of using Research Assistant

VII
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TRUST

Do you trust the answer from Research Assistant?

If NO, what would make you trust the RA system’s responses?

IF YES, What makes you trust the Research Assistant’s responses?

Do you verify the information?

Why do you verify it?

When do you verify?

Do you always do that or is it in certain circumstances?

PROMPTING

Describe your thought process when writing a prompt
SECTION DESIGN SUGGESTIONS

MODES

*Show the mode slide with only the word and ask the questions*

Description: Now we will talk about modes.

Do you use the different modes? (If users asks: what are the modes? - Show image
of Research Assistant with the modes)

If yes, What does the modes mean for you?

If yes, When do you use the different modes?

Can they be improved and how?

If no, why not?

What modes would you like to have?

*Showing modes visual*

Description: Here you can see two new suggestions of how to visualize the modes,
one with buttons below and information-symbol to see the descriptions, and one
with a drop-down-menu where you can see the descriptions right away.

Questions modes when showing design suggestions:

What do you think when you see this design?

In terms of improvement, would you want to see this in a different way? Would you
want something totally different?

REFERENCES

Now we will move on to references.

*Show the reference slide with only the word and ask the questions™
Now we will talk about references in Research Assistant.

Whats your opinion on the way the references are presented?

Can you elaborate, what could be improved?

What type of information would you like to see?

*Showing references visual*

VIII
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Here you can see a new suggestion of how references are shown. When clicking on
a number to the left, the reference is shown to the right. You can also see if the
reference is from internal or external data.

Questions when showing design suggestion:

What do you think when you see this design?

In terms of improvement, would you want to see this in a different way? Would you
want something totally different?

*Showing functions visual*

Now we will move on to functions in research assistant.

Description: Here you can see a new suggestion of settings and functions in the
interface. You can choose level of depth, reference type and length of answer the
research assistant would give / how it should answer.

Questions when showing design suggestion:

What do you think of these settings?

Are there any other settings or functions that would be important to you or that
you would like to see or add?

END NOTES Is there anything else you would like to add?
*Thank the participant™®

Thank you so much for your time! We are so grateful for your participation and
this will help us in the development of Research Assistant and for our master thesis.

IX
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Appendix: Interview questions for
Non-user of RA

INTRODUCTION
Hi and welcome [participant’s name|! How are you today?

My name is [name| and I am a thesis worker here at AstraZeneca. Together with
[Sara/Karin], I am doing my master thesis at Chalmers, in the master Interaction
Design. The purpose of our thesis is to explore and improve Research Assistant;
your answers will therefore contribute to the further development of the application
and the insights will be included in our thesis report. However, all answers will be
anonymized.

Today we want to understand your workflow, needs, and potential pain points. Do
you have any questions before we begin?

Great! If it is okay, I would like to record this session so my colleagues and I can
review our discussions.

ROLE & WORK
Please describe your role and work with a few sentences. Keep in mind that I do
not have a scientific background. How long have you been in Pharma?

WORKFLOW
Describe a general work process when you are doing a literature search. How do
you find information internally at AZ? How do you find information externally?

VERIFICATION
Do you verify the information? Why do you verify it? When do you verify? Do
you always do that or is it in certain circumstances?

AI TOOLS

What is your opinion on Al tools? Do you use any Al tools in your work? What
steps would you take if you don’t find information you believe is available? Has
your way of working changed since you started using Al tools?

TRUST
Do you trust the answers from the Al tool? If NO, what would make you trust the

XI
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responses? IF YES, What makes you trust the responses?

PROS AND CONS
Describe your main pain points/benefits when using AZ ChatGPT?

NEW TOOLS
How do you find new tools at AZ? How do you want to find new tools? Where?
How open-minded would you say you are to try new technology or tools?

END NOTES
Is there anything else you would like to add?

Thank the participant

Thank you so much for your time! We are so grateful for your participation, and
this will help us in the development of Research Assistant and for our master thesis.
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Appendix: List of Needs and
Why’s

What does the user need?

Tool for gaining mose knowledge

Ta get summaries

Writing aid

Why?
To understand the project better

To get background information

Find new angles for projects

How things are interconnected

Explara targets

Get additional guidance beyand the summaries

Save time
Get inspiration for literature
Get familiar with topics

Mot have to read large documents
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XXII

References [ Verification

Up to date information

See if information is reasonable

See if information makes sense

Te find additional information

T find previous references by explaining what it was about
Too many references can be overwhelming

Reference tithes are sometimes too lang

Want te distinguish Internal and external data

Want reference right away, not having to click and copy in
i d

To see the referance without scrolling dawn

To see links to internal infarmation as well
Links to internal data

Title, year, journal

Digital identifier to find the text/info

Ranking of references

Highly cited references to increase trust

Mewer articles to increase trust

Reliable sources to increase trust

User can validate the result with the references
The annotations with links ease work

Year and other information is needed to use the references
References makes you trust the output

References and veriflcation creates trust

Verification with references creates rust

With references side-by-side, less steps are needed

With references side-by-side, more time is saved
References side-by-side gives the user a quick overlook
Internallexternal option for references clarifies them
Internalexternal option for references is positive
Internallexternal option ease the work with the réferances
Ranking of references would be beneficial

Marking of bad referances would ease the work long-term

Hidefshow references would minimize risk of feeling
overwheimed

Type of references would ease with finding wanted
Infarmation

Type of references would be used

Type of references: might want to choose the priarity of the
search

Type of references: could be useful 1o choose specific
journals

Want connections betwesn small molecules and proteins
Mot all needed data is accessible currently



F. Appendix: List of Needs and Why’s

Clear communication

Visuals

Exportation

The box with "Hi [name], how are you?” looks like a text box
far prompting

"Mew chat” function is unclear

Prompt suggestions are not necessary

To be able to type next prompt while RA is giving an answer
Unclear how RA came up with the answer

Unchear how to interpret the datalanswers

To undersiand why the Al chase certain data

Evaluation of how certain the Al is o increase trust

See prompl box first instead of "Hi [name]” to type gquestion
faster

Modes more salient so user can use them easier
Meed for description of what each function means

Hard to understand what happens if you click certain buttons/
settings

Useful to choose how new the information in the output is

Visuals to understand better
Graphic mode fo see mindmaps

Exportation/copy of references to cite easlly In other tools
Copy & paste answer/text to add to Word
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XXIV

Organization

Prompt settings

Save time - fast tool

Modes

To organize answers in folders and find them easier
Option an how to view the answers o adapt 1o users needs

Uptoad own data/files to be able to compare
To choosa how old the data is to adapt to users neads

Makes scientist more efficient
Instant access to knowladge

Cuts down work load, don't need to go through all entries
themselves

Gives more time to compile what they have leamed instead of
reading

Better results than manual work
Saves time | ease with grammar and text

Modes determing the tone or scientific jargon of responses
Maodes can be helplul for writing aid

Want some type of strict mode

Differant modes determing how refiable the output is
Factual mode to be scientific

Factual to get reliable infarmation

Factual is used when wanting the information to be verified
Factual to get heavy science language

Factual to get references for evary statement

Factual to get highly cited articles

Factual to create specific science related questions
Balanced because too many references can be overwhelming

Balanced because the description seemed like a good
approach

Balanced provides simpler explanations

Balanced or creative can be used for soclal activities
Creative can be used for recommendation letters

Creative feels to general

Creative means too much freedam, which feels less reliable
Drog-down for modes is positive

With a drop-down you can clearly see

A drop-down forces tha wser to read the description and
understand them better

With a drop-down it is very clear what modes is in use
It helps to see the definitions of the modes easy

With a drop-down, the alternatives are a bit hidden
With radio buttons, the alternatives are always visible
Hovering can be a problem

Howvering might not work since people are impatient

Radie buttons makes the user mose curious since they see
the alternatives

Thi: modes descriptions might be hard to understand
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Minimalistic layout

Level of dapth

Too many settings can be overwhelming
With too much textfinformation, user might not read it

Lewvel of depth would be used
Level of depth is interasting
Lewvel of depth could be used for different use cases

Unclear what happens when combining a shorter answer with
detailed level

Level of depth is a bit unclear
They require & good explanation of what the settings mean
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G. Appendix: Insight cards

p
Insight theme References 1

“I really need reliable sources and to be able to check every

The user needs references fact-

Participant 4

“So | will go to the source and make sure that whatever is
coming out of the research assistant is making any sense.”

« The references enables the participant to verify that Participant 6
the information provided is accurate.

° Usage Of references are reqUired in theil' WOI'k as “It's good practice regardless of what you're using to verify. |
scientists as it is essential for them and others to be :‘"ee“:"o‘;:f;:ys';l‘g'vee:’z’:s:’:'r:‘;t"“‘"";":n';f;:z'vge‘iz‘e S
able to Verify the Validity of the information with a different source, Different person or actually done it

yourself in the lab and go and check.”
Participant 3

Recommendations:

Display of references in a structured manor

-

~
Insight theme References 2

“So if I know it's looking at AstraZeneca data, | have a lot of

The user needs to disti nguish trust in what it's saying as it moves beyond that, just as a user
of tools on the internet, then | have less and less faith that the
(P information is accurate, and | think that's just the nature of
references efficiently s
Participant 2

« Gives a the user a quick overview of the references

“I think showing internal/external is a really good idea,

presented' where some referenCeS are more re]ia ble showing the differentiation. And it's nice to know what kind of
percentage is internal and external.”
than others Participant 3

« Internal references are more trustworthy
o Easier to d|$t|ngu|5h where data iS from :LZE;ZT:-:; type] I've got all these, but which one is becoming
« Makes it easier to trust the output Participant 2

Recommendations:

Visualise if the reference is from internal or external source
Let the user choose where to find the data
Provide reference title, year, author, and link

Prioritize and/or view distribution of reference type
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4 N
Insight theme References 3

“It would be great if not only copy. But we had the option to

The user needs to be a ble to export it in a In the citation mode, so you know without the
link but in a proper citation format. So you know, with the, like,
no matter which citation format because there are many

reference the source in other tools

Participant 4

« They use referencing to justify and strengthen their

choices
. 3 . “So yeah, but the possibility to just click and then copy the
« It would save time if they get the references in the reference, that would be awesome.”

inai Participant 4
correct format when adding in another document articipan

Recommendations:

Provide an exportation button for references, to let them copy & paste it into other documents

- J

Insight theme Modes 1

“I think | reflect now. | mean, |, | probably just use the default

The user needs guidance in how to :ode andl;\aven't really reflected on. Actually.”
articipant
interpret the modes

» There is a discrepancy in user understanding regarding
what the different modes mean
. ) - “I've intentionally not tried the other modes. Because | want to
* Many users did not realize or utilize that there are keep it to facts. And | worry that if | went balanced and
. o especially if | went creative, that's when it would start giving
different modes available

you more, not hallucinating, but | want factual science. | don't
want creative Al input into science at the moment.”
Participant 3

Recommendations:

Provide a clear description of what each mode mean

Let the description of modes be easy to find and see

o /
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-

-

Insight theme Modes 2

The user needs guidance in how to
use the modes

« There is a discrepancy in user understanding regarding
the different modes mean

* Many users did not realize or utilize that there were
different modes available

Recommendations:

Make the user curious to try the different modes

Be clear to the user what mode they are using

“I think | reflect now. | mean, |, | probably just use the default
mode and | haven't really reflected on. Actually.”
Participant 5

“I've intentionally not tried the other modes. Because | want to
keep it to facts. And | worry that if | went balanced and
especially if | went creative, that's when it would start giving
you more, not hallucinating, but | want factual science. | don't
want creative Al input into science at the moment.”
Participant 3

-~

-

Insight theme Transparency 1

The user needs information about how it came up with its
answer and guidance in how to interpret it

« Allows the user to get a better understanding of how to
interpret its answer

« Can make the user understand what more it can do for
them

Recommendations:

“How did it come up with the answer it did, where did this
data come from, how do | know? How do | get a sense of how
deep can | go, you know, how do | get follow-up information”
Participant 2

“Maybe a bit more understanding of you know, how to...
When we ask the questions, how to interpret that and sort of
make the link. That's one area | see that definitely could be
improved.”

Participant 5

“Now it doesn't have access to all the data it needs. And it's
kind of hard to tell. You know Is it AstraZeneca data that's
missing because it goes through a couple of layers of agents,
it's like, OK, well, we didn't have an AstraZeneca. Should we
check this? And then it's, it's, | think the more broad it gets,
the less reliable the results may be.”

Participant 2

Give a statement of its information retrieval procedure and how it reach its conclusion

Provide examples of follow up questions or examples of what it can do
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o

Insight theme Transparency 2

The user needs to understand what limitations there are

with the application

« They are frustrated when not receiving wanted
information even when it is not available

« They need to know the limitations to understand the
possibilities of the application

Recommendations:

“So, why couldn't we link to, to that source when we, we have
it, so. | think that's the only thing | reflected on when it comes
to references that the web | think we are fine, but internal to.
Databases and sources doesn't seem to be as, as, as nice.”
Participant 4

“There have been times where I've tried to ask it to look at a
specific journal or specific article, but it wasn't able to do
that”

Participant 8

Communicate which limitations there are in a structured way and in one place

Communicate the possibilities

-~

-

Insight theme Communication 1

The user needs clear
communication of the interface

« The user want to save time with the application
« With clearer communication, they can use the
application more efficiently
« Itis confusing what all settings and buttons do

Recommendations:

“Sometimes it can be overwhelming when they're giving you
over 50 resources, and | want to think of how can this be
maybe like a little shorter cause | don't need that many
references, maybe just a handful that | can easily go through,
cause no one really wants to go through 50 references.”
Participant 8

“This is why the first time | didn't realize that it was something
that | had to pay attention because | thought that it was
something about the cookies”

Participant 4

Keep coherency with design of buttons and information pop-ups

Not provide too much information at the same time
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The user needs a visual way to
interpret the information

« Several users have indicated that they are visual
learners, that it would simplify the process of
understanding and learning new concepts

« Can save time and energy from the user

Recommendations:

Provide visuals of the answers from the application

o

Insight theme Communication 2

“I don't know if it would be possible to have like a graphic
mode, so to get your answer in some sort of mind map kind of
thing, that would be really cool.”

Participant 6

“Another thing that I've noticed in Research Assistant that |
would love to see is more visualization.”
Participant 8

“l would love instead of only getting text. Also to get images of
that, for example, that metabolic pathway... 'm a visual
learner.”

Participant 4

/

The user needs clear
communication of the information

« The user want to save time with the application
» With clearer communication, they can use the
application more efficiently

Recommendations:

Provide data in a clear and efficient way

Insight theme Communication 3

“That data is really important to keep around. Because if I'm
using something like RA, | want to know what's already been
done?”

Participant 2
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References 1 + 2

References

Lorem ipsum dolor sit amet consectetur: Massa viverra.

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et

dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor Internal
nec facilisi risus blandit. Urna dolor pellentesque ultrices mauris id id non tristique. Cursus aenean External
duis suspendisse donec libero sit duis ultricies non. Placerat diam amet facilisi et aliquam erat

neque ac massa. Elementum potenti sit metus in viverra, Curabitur nunc vel nec mattis in praesent

tristique. 1 @

Vel pulvinar eget id malesuada hac pretium elementum. Libero faucibus lorem vitae viverra nibh

S. Marsland, Machine Learning: An Algorithmic Perspective, Second
Edition (Chapman & Hall/CRC Machine Learning & Pattern Recogni-
tion). CRC Press, 2014, isbn: 9781466583337. [Online]. Available: htps :
I1books.google se/books?id=6GvSBQAAQBA).

arcu. Quis pellentesque odio eros in odio amet solicitudin. Enim elit eu faucibus pellentesque

m tincidunt phasellus placerat. Nibh sollicitudin vitae euismod non. @ 4

Etnam diam semper nunc diam et lectus. Purus dignissim in sapien amet viverra semper sed.
Scelerisque elit enim pellentesque molestie purus integer. Fames egestas vel diam et imperdiet 2 F. Lastname. Name of publication. Year. Link.
pharetra cras nullam. Morbi non feugiat tempor isi vitae sagittis. Eget ut velit amet in blandit

lectus est. A venenatis eget ullamcorper volutpat proin tristique risus massa. Vehicula morbi proin @ F. Lastname. Name of publication. Year. Link.

et felis bibendum quis. Arcu enim suspendisse purus ullamcorper. Eu dui nisi ullamcorper

maecenas dignissim tellus integer tellus tortor, Morbi urna at pulvinar aenean quis. 4 F. Lastname. Name of publication. Year. Link.
§ F.Lastname. Name of publication. Year. Link.

Ask anythi

Factua @ Add attachment

History ©
History Lorem ipsum dolor sit amet consectetur: Massa viverra, References

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor Internal
nec facilisi risus blandit. Urna dolor pellentesque ultrices mauris id id non tristique. Cursus aenean External
duis suspendisse donec libero sit duis ultricies non. Placerat diam amet facilisi et aliquam erat

it metus in viverra. Curabitur nunc vel nec mattis in praesent

neque ac massa. Elementum potent
tristique. 1 @

Vel pulvinar eget id malesuada hac pretium elementun. Libero faucibus lorem vitae viverra nibh
arcu. Quis pellentesque odio eros in odio amet solicitudin. Enim elit eu faucibus pellentesque
etiam tincidunt phasellus placerat. Nibh sollicitudin vitae eismod non. @ 4

1 5. Marsland, Machine Learning: An
Algorithmic Perspective, Second
Edition (Chapman & Hall/CRC Machine
Learning & Pattern Recogni
tion). CRC Press, 2014, isbn:

Etnam diam semper nunc diam et lectus. Purus dignissim in sapien amet viverra semper sed.

Scelerisque elit enim pellentesque molestie purus integer. Fames egestas vel diam et imperdiet
pharetra cras nullam. Morbi non feugiat tempor nisi vitae sagittis. Eget ut velit amet in blandit
lectus est. A venenatis eget ullamcorper volutpat proin tristique risus massa. Vehicula morbi proin
et felis bibendum quis. Arcu enim susp ullamcorper. Eu du nisi ullamcorper
maecenas dignissim tellus integer tellus tortor. Morbi urna at pulvinar aenean quis.

Ask anythin,

actual ~

9781466583337 [Online]. Available:
https :

I7books.google se/books?
id=6GVSBQAAQBAJ.

2 F. Lastname. Name of publication.
Year. Link.

@ F. Lastname. Name of publication.
ink.

Year,

4 F. Lastname. Name of publication.
Year. Link.

§ . Lastname. Name of publication.
Year. Link.
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Lorem ipsum dolor sit amet consectetur. Arcu odio dolor viverra proin arcu. Sed vitae
faucibus curabitur tortor nec augue. Ac sed fames amet vel urna in ornare. Taculis
feugiat sed turpis vel.

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor, Rhoncus tempor
nec facilisirisus blandit. Urna dolor pellentesque ultrices mauris id id non tristique. Cursus aenean
dui o i duis ultricies non. Placerat diam amet facilisi et aliquam erat
neque ac massa. Elementum potenti sit metus in viverra. Curabitur nunc vel nec matis in praesent

tristique. 1 @y Mechanisms of sensitivity and resistance to CDK2 inhibitors [abstract]. In:
Proceedings of the American Association for Cancer Research Annual
Meeting 2024; Part 2 (Late-Breaking, Clinical Trial, and Invited Abstracts);
2024 Apr 5-10; San Diego, CA

Et nam diam semper nunc diam et lectus. Purus dignissim in sapien amet viverra semper sed.
Scelerisque elit enim pellentesque molestie purus integer. Fames egestas vel diam et imperdiet
pharetra cras nullam. Morbi non feugiat tempor nisi vitae sagittis. Eget ut velit amet in blandit

lectus est. A venenatis eget ullamcorper volutpat proin tristique risus massa. Vehicula morl
i i Eu dui nisi ullamcorper

et feli

maecenas dignissim tellus integer tellus tortor. Morbi urna at pulvinar aenean quis. 3 4

Ask anything.

Factual A~

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor
nec faci id non tristique. Cursus aenean
duis suspendisse donec libero sit duis ultricies non. Placerat diam amet facilsi et aliquam erat
neque ac massa. Elementum potenti sit metus in viverra, Curabitur nunc vel nec matis in praesent
tristique. @

risus blandit. Urna dolor pellentesque ultrices mau:

Et nunc diam et lectus. Purus d in sapien amet viverra semper sed.
Scelerisque elit enim pellentesque molestie purus integer. Fames egestas vel diam et imperdiet
pharetra cras nullam. Morbi non feugiat tempor nisi vitae sagittis. Eget ut velit amet in blandit
lectus est. A volutpat proin tristiq massa. Vehicula morbi proin
etfelis bibendum quis. Arcu enim suspendisse purus ullamcorper. Eu dui nisi ullamcorper
maecenas dignissim tellus integer tellus tortor. Morbi rna at pulvinar aenean quis. €y

Ask anything

Factual A & Add attachment

(1

& Add attachment

Reference Library

reterence © &
Chemical sstems ofthe brain and evoluion
lison G0

5

Explanation of
reference ranking

ina new tab 2018

Reference @ &

Chemical systems of the brain and evolution
Ellson G.D.

o

ina new tab 2018
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Modes

References type References type ~

Web search External o

Compound search Internal

Internal Lterature Search
Internal Graph Search

ClinicalTrials.gov

@eooooag >

Internal sources only

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor
nec facilisi risus blandi

Urna dolor pellentesque ultrices mauris id id non tristique. Cursus aenean

du i donec libero sit duis ultrici Placerat diam amet facilisi et aliquam erat
neque ac massa. Elementum potenti sit metus in viverra. Curabitur nunc vel nec mattis in praesent
tristique. 9

Reference overview:

O @ 100 % internat Asrazeneca cata,

Can'tfind the data you are looking for? Send a notification to the data visionary

team that this is data you would like to be added into Research Assistant. Sariiiieifisn

Ask anything

Factual ~ & Add attachment
Ask anything (Facial  ~) @ @

Model/mode x

Lorem ipsum dolor sit amet consectetur. Felis

eget ultrices sagittis vitae id eget ac. Sed et ac

Model/mode x

orem ipsum dolor sit amet consectetur. Felis

eget ultrices sagittis vitae id eget ac, Sed et ac
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Model/mode x

Lorem ipsum dolor sit amet consectetur:Fells
eget ultrces sagitts vitae Id eget ac. Sed et ac
tellus posuere congue nisi odio aenean.

Model/mode x

Lorem ipsum dolor sit amet consectetur:Felis
‘eget ultrices sagitts vitae id eget ac. Sed et ac
tellus posuere congue nisi odio aenean.

Model/mode x

Lorem ipsum dolor sit amet consectetur.Felis
‘eget ultrices sagitts vitae id eget ac, Sed et ac
tellus posuere congue nisi odio aenean.

Ask anything... 20

Welcome to
Research Assistant

AstraZeneca's Al assistant for biomedical research

Web Search v
Compound search v
Internal Literature Search v
Internal Graph Search /'
ClinicalTrials.gov: v .

Reference type ~ @ Add attachment
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Ask anything...

Model/mode x

Lorem ipsum dolor sit amet
consectetur Fels eget ultrices
Sagittis vitae id eget ac. Sed et

Model/mode x
Lorem ipsum dolor sit amet
consectetur Fels eget ultrices

(s~ & @

Model/mode x

Lorem ipsum dolor sit amet
consectetur Fels eget ultrices
det

det

odio aenean.

Transparency 1 + 2

odio aenean.

odio aenean.

To be able to assist you better,

are looking for

1

Tam interested in the relations regarding Y

Ask anything...

Factual A~

@ Add attachment
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Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor
nec facilis risus blandit. Urna dolor pellentesque ultrices mauris id id non tristique. Cursus aenean
duis suspendisse donec libero sit duis ultricies non. Placerat diam amet facilisi et aliquam erat

neque ac massa. Elementum potenti sit metus in viverra. Curabitur nunc vel nec mattis in praesent
tristique. 1 2 3

Suggestions of follow up questions

Provide molecules for xy, z —
Provide molecules for xy, z —
Provide molecules for xy, z —

Aspects you might also wonder about

Provide molecules for xy, z

Provide molecules for xy, z
Provide molecules for xy, z -

Ask anything.

(1

Factual A~ & Add attachment

If you mean how XX is connected to Y and Z:

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor
nec facilisirisus blandit. Urna dolor pellentesque ultrices mauris id id non tristique. Cursus aenean
duis suspendisse donec libero sit duis ultricies non. Placerat diam amet facilisi et aliquam erat
neque ac massa. Elementum potenti
tristique. 1 @

it metus in viverra. Curabitur nunc vel nec mattis in praesent

Vel pulvinar eget id malesuada hac pretium elementun. Libero faucibus lorem vitae viverra nibh
arcu. Quis pellentesque odio eros in odio amet sollicitudin. Enim elit eu faucibus pellentesque
etiam tincidunt phasellus placerat. Nibh sollicitudin vitae euismod non. @

Etnam diam semper nunc diam et lectus. Purus dignissim in sapien amet viverra semper sed.
Scelerisque elit enim pellentesque molestie purus integer. Fames egestas vel diam et imperdiet
pharetra cras nullam. Morbi non feugiat tempor nisi vitae sagittis. Eget ut velit amet in blandit
lectus est. A venenatis eget ullamcorper volutpat proin tristique risus massa. Vehicula morbi proin
et felis bibendum quis. Arcu enim susp ullam Eu dui nisi ullamcorper
maecenas dignissim tellus integer tellus tortor. Morbi urna at pulvinar aenean quis.

Follow-up questions

Lorem ipsum dolor sit amet consectetur. At nibh neque dictum rhoncus nisi quis. —
Lorem ipsum dolor sit amet consectetur. Risus et vitae enim duis. Orci. —
Lorem ipsum dolor sit amet consectetur. Id risus dignissim sodales morbi maurisvelac. ~ ——
Lorem ipsum dolor sit amet consectetur. Dignissim faucibus malesuada ipsum. —

Ask anything.

Factual A & Add attachment
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Abol

About

Research Assistant s  tool designed
for...Lorem ipsum dolor sit amet
consectetur. t morbi rhoncus fells
feugiat. Rutrum bibendum nulla
malesuada cursus diam senectus st
massa parturient. Nec sit id at at

@ History ©

Lorem ipsum dolor sit amet consectetur. Massa viverra.

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. Et
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor

Tool selection Findings ‘Why / What

Web search 12 Lorem ipsum dolor sit amet consectetur.
Convallis pulvinar arcu aliquet mi lectus.

Compound search 3 Lorem ipsum dolor sit amet consectetur.
Convallis pulvinar arcu aliquet mi lectus.

BIKG Literature search 2 Lorem ipsum dolor sit amet consectetur.

Convallis pulvinar arcu aliquet mi lectus.

‘maecenas dignissim tellus integer tellus tortor. Morbi urna at pulvinar aenean quis. 8/

Ask anything...

(1

Factual A & Add attachment

Lorem ipsum dolor sit amet consectetur. Massa viverra.

Lorem ipsum dolor sit amet consectetur. Ut turpis fringilla id velit ante ullamcorper ultrices id at. E¢
dignissim pellentesque adipiscing turpis turpis. Commodo et neque in auctor. Rhoncus tempor

nec facil
d

risus blandit. Urna dolor pellentesque ultrices mauris id id non tristique. Cursus aenean

Enim sitipsum integer est dictum
molls ut. Pharetra matis orci et a vitae
mattis lacus bibendum est curabitur.

Capabilities

 Lorem ipsum dolor sit amet
consectetur

- Etmorbithoncus fels feugiat

- Rutrum bibendum nula malesuada
cursus diam senectus it massa
parturient

Read more &

Limitations

+ Lorem ipsum dolor st amet
consectetur

+ Bt morbi rhoncus fels feugiat.

+ Rutrum bibendum nulla malesuada
cursus diam senectus sit massa.
parturient.

+ Necsitid at at condimentum
pellentesque lectus. Enim sit ipsum
integer est dictum mollis ut.

Read more

disse donec libero sit duis ult . Placerat diam amet facilisi et aliquam erat

neque ac massa. Elementum potenti sit metus in viverra, Curabitur nunc vel nec mattis in praesent

tristique. 1 2

Vel pulvinar eget id malesuada hac pretium elementun. Libero faucibus lorem vitae viverra nibh

arcu.

Quis i in odio.

Enim et eu faucibus

etiam tincidunt phasellus placerat. Nibh sollicitudin vitae euismod non. @ 4

Etnam diam semper nunc diam et lectus. Purus dignissim in sapien amet viverra semper sed.
Scelerisque elit enim pellentesque molestie purus integer. Fames egestas vel diam et imperdiet

pharetra cras nullam. Morbi non feugiat tempor ni

Eget ut velit amet in blandit

lectus est. A venenatis eget ullamcorper volutpat proin tristique risus massa. Vehicula morbi proin

et felis bibendum quis. Arcu i Eu dui nisi ullamcorper
maecenas tellus integer tellus tortor. Morbi urna at pulvinar aenean quis. &)
Ask anything.
Factual

~ & Add attachment
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Appendix: Email template user
tests script

Subject: Invitation to Participate in User Testing

Hi [NAME], T hope this message finds you well. We greatly appreciated your
participation in our previous interview and are excited to further collaborate with
you.

We're now conducting user testing sessions to gain deeper insights into the user
experience of our application. Your feedback is invaluable, and we would love to
have you join us for this testing phase.

User Testing details:

Duration: Up to 30 minutes

Dates Available: 24th, 25th, or 29th April. Alternatively, 2nd May.

Format: Teams meeting

Recording: We kindly ask for your permission to record the session for analysis
purposes. The recording will be kept within the project group and used solely for
research purposes.

Screen sharing: We will also ask you to share your screen, to allow us to observe
your workflow with the application.

Please let us know your preferred time from the available dates, and we will do our
best to accommodate your schedule. Your participation will greatly contribute to
enhancing the application, and we are eager to learn from your insights.

If you have any questions or concerns, feel free to reach out to us directly. Thank
you once again for your valuable support.

Looking forward to your response.

Best regards, Karin & Sara
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Appendix: User tests script

USER TEST INTRODUCTION
Hi!

Thank you for joining our user test. We aim to explore your views on the
interface and functionality.

You will be given tasks which you will perform, with instructions. Please
think aloud and share your thought process as you complete tasks.

We will give you a time limit for the different tasks, which is only for us to
make sure that we have time to go through them all.

We would like to record this session to be able to review it within the project team,
for analysis purposes. Since this will contribute to our masters thesis, your answers
may be used in our report, but will be anonymous. Is this okay with you?

Karin/Sara is in the meeting to help me with the technical aspects.
*RECORD*

CURRENT INTERFACE TEST
*Action: Send link with Research assistant, ask them to share screen.*
*Sending link to Research Assistant™

The first task will take approximately 3 minutes, including answering 3 ques-
tions at the end. We will let you know when the 3 minutes have passed.

Click on the button you would use to get information about the application.
Action: Send in chat

*Sending example prompt in chat*

Please copy the question sent in the chat and ask it to Research Assistant. Use the
factual mode for this.

Take a look at the references given.

This is mostly to remind you of what the interface looks like

*Action: Send form link*

Please open the questionnaire we sent in the chat and answer the 4 questions.
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A/B TESTING

We will now move on to a scenario, which is: You are using Research Assistant
to ease with your daily work. You will get tasks during the whole test with
descriptions to follow.

Reference A:

For this task, you will have 3 minutes to go through the short task and answer a
few questions.

Action: Send the Figma link with flow x

*Sending link*

Explain task description:

Task Description:

You have just asked Research Assistant the question you can see in front of you.
Now you can go ahead and review all the references, by clicking on the reference
numbers.

Questions:

What do you see?

Can you tell me what information this frame gives you?

Are there things that stand out for you?

If they have already answered those:

What caught your eye?

What do you think about the colour scheme?

What do you think about the structure?

Action: Now you can fill out the next questions of the questionnaire.

Reference B:

Action: Send the Figma link with flow x

*Sending link*

You will now test a different alternative, please click the link in the chat. You have
3 minutes for this task as well.

Explain task description:

Task Description:

You have just asked Research Assistant the question you can see in front of you.
Now you can go ahead and review all the references, by clicking on the reference
numbers or the book icon to the right.

Questions:

What do you see?

Can you tell me what information this frame gives you?

Are there things that stand out for you?

If they ask:

Credibility score: How reliable your source is depending on factors such as which
journal where it is published.

Contextual relevancy: Contextual relevancy refers to how well an answer aligns
with the prompt and its content.

If they have already answered those:
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What caught your eye?

What do you think about the colour scheme?

What do you think about the structure?

Now you can answer the next part of the questionnaire again.

Modes A:

Action: Send the Figma link with flow x

*Sending link*

Explain task description

Task Description: For this task, you have 3 minutes to complete the task. You are
going to ask about antiemetic medication in TQT studies. When you click on the
text box, the question will be filled automatically.

Click on text-to-text to make sure that the answer will be in text format.

What do you think about the alternatives?

Now for the reference type, choose only external references.

What do you think about the alternatives?

To autotype your question, click on the text box and send the question to get an
answer.

Questions:

Are there things that stand out for you?

Action: Now you can fill out the next question of the questionnaire.

Modes B:

Action: Send the Figma link with flow x

*Sending link*

Explain Task Description: For this task, you have 3 minutes to complete the task.
You are going to ask about antiemetic medication in TQT studies.

Here you have three alternatives you can click on, that gives you suggestions of
what kind of tasks research assistant can help with, where you then fill out your
specific question.

You want the answer to only search externally.

Click on the text box again to fill in the rest of the question.

Questions:

Are there things that stand out for you?

Are there any specific tasks you often ask research assistant that could be beneficial
to add here?

Action: You can now fill in the next section of the questionnaire.

USER WORKFLOW:

You will now go through most of the whole new interface and its functions. Please
talk aloud during all your steps. For this step, you will have 5 minutes.

Action: Send the Figma link with flow x

*Sending link*

Task Description:

Click on the info-button and take a look at the three tabs to get more information
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about the application.

Click on the text box to autofill a question and click send.
Scroll down and look through the follow-up questions
What do you think about having follow-up questions that are related to your
prompt?

Click on the New chat function.

Change the model from text-to-text to text-to-image
Click on the text box to autofill your prompt

Click on the attachment-icon to add a file

Click send to receive an answer

Questions:

Are there things that stand out for you?

Action: Now you can fill out the rest of the questionnaire
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